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ABSTRACT 


Addition*  of  1.2$  to  2$  lignosulf  onie  acid  in  the  negative  mix  i a 
helpful  to  negative  plate  cjcle  life.  Tho  use  of  cotton  fiber*  help* 
to  maintain  the  negative  plate  active  material  in  place  during  cycle 
life.  The  surfactant  BC-610  is  the  best  choice  for  use  in  the  sine 
negative  material  found  to  date.  However,  at  cold  temperature*,  sur¬ 
factants  appear  to  inhibit  cycle  life.  The  use  of  .1$  Ethano?  in  the 
negative  material  help*  cell  cycle  life  aa  well  aa  surfactant  FC-95. 

Small  percentages  of  acicular  TnO  mixed  with  Kadnx-15  appear  to  help 
negative  plate  cycle  lil’e.  The  use  of  2$  to  5$  TnSO^  aids  the  negative 
plate  cycle  life  au  room  temperature  but  i*  detrimental  to  cold  (30-40°F) 
operation.  The  beat  electrolyte  to  date  at  60*  depth-of-diacharge  1*  505 
KOI!  yielding  220  cycles. 
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I.  Introduction 

The  objectives  of  this  program  are  to  provide  design  criteria  for  lar^ 
life  (5,000  cycles),  light  weight  (25  wh/#)  silvei*-»inc  batteries  mil¬ 
itary  aerospace  applications.  Effort  will  ne  concentrated  on  the  sine  elec¬ 
trode  and  separator  since  these  are  recognised  as  the  major  causes  of  pre¬ 
mature  failure  of  the  silver-sine  battery. 

The  specific  items  under  study  in  this  contract  arer 

A.  Mechanical  Barriers  to  Zinc  Aggl one ration 

B.  Surfactant  Additions 

C.  Fundamental  Studies  on  Surfactants 

D.  Particle  Sire  and  Morphology  of  Zinc  Oxides 

E.  Zinc  Electrode  Fabrication  Techniques 

F.  Influence  of  Membrane  Separator*  Characteristics 

G.  Sites  for  Zinc  0*lde  Overgrowths 

H.  Development  of  Failure  Analysis  Techniques 

I.  Sizes  of  Zlncate  Ion  and  Soluble  Silver  Species  in  KOH 

J.  Membrane  Pore  Size  Measures juts  in  KOH 

K.  Stoichiometric  Ratio  of  ?o-med  Zinc 

L.  alternate  Method  of  S^face  Area  Mjaaureraent 

M.  Separator  Development 

N.  Electrolytes 

O.  Factors  Controlling  Zinc  Particle  Size  Growth 


J  M 


This  report  covers  the  first  twelve  month's  work  on  most  of  the  above 
items. 

All  test  cells  were  cycled  at  60^  deptb-of-diseharge  at  the  tve— hour 
cycle  program  of  35  minutes  discharge  and  35  minutes  charge.  Four  layers 
of  fibrous  sausage  casing  were  used  for  separation  in  these  cells  in  order 
to  Insure  sine  plate  failure.  That  is  to  say,  that  „a  almost  no  Instance 
was  there  any  evidence  cf  short-circuit'' ng  failure  on  these  tests  for  the 
standard  1 r-plct"  design. 


1 


A.  Mechanical  Barriers  to  Zinc  Agglomeration 

In  an  effort  to  minimize  the  agglomeration  of  particles  in  the 
regative  active  material,  addition  of  the  following  materials  to  the 
negative  plate  mix  wu.-e  tested: 

1 .  shredded  fibrous  sausage  casing 

2.  shredded  asbestos 

3.  zinc  mbval 

4.  lignosulfonic  acid 

5.  cotton  fibers 

6.  Avicel  (a  finely  powdered  cellulosic  material) 

Out  hundred  and  ninety-one  25  a.h.  cells  were  constructed  utilizing 
various  percentages  of  the  above  materials.  Table  I  shows  the  con¬ 
struction  details,  initial  capacity,  cycle  data  and  appearance  of  coll 
components  of  inspected  cells  after  failure.  Control  cells  on  this 
tost  ran  from  ZK  to  180  cycles,  averaging  140  cycles.  The  major  cause 
of  failur’  was  I033  of  zinc  at  the  tops  and  edges  of  the  zinc  plate 
and  agglomeration  of  the  zinc.  Figure  1  shows  a  typical  zinc  plato 
from  a  control  cell  after  failure  at  140  cycles.  Control  cells  on 
tills  program  are  made  with  negative  plates  containing  20  g  Kadooc-15 
zinc  oxide,  2%  HgO,  and  0,5%  Erculphogene  BC-610. 

1.  Effects  of  Asbestos 

Cells  ,#1  through  ,,-27  containing  asbestos  fibers  in  the  nega¬ 
tive  ul&te  in  quantities  5,  10,  and  1 5%  did  not  increase  the  cycle 
life  of  the  zinc  plate,  yielding  134  cycles.  These  failed  by  loss 
of  zinc  plate  capacity  due  to  washout  around  the  edges  and  in 
spite  of  the  fact  that  the  photomicrographs  of  failed  zinc  plates 
(Figures  2,  3  and  4)  show  reduced  agglomeration  by  comparison 
with  Figure  1.  Except  for  cells  #1,  2,  10,  11  and  27,  which  were 
opened  for  examination  after  the  first  discharge,  all  cells  had 
received  an  accumulated  overcharge  of  22-24  a.h.  (—  1.14^  par 
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cycle)  at  the  end  of  life  and  failure  examination  disclosed  the 
active  material  to  he  in  the  form  of  sine. 

Considerable  trouble  was  experienced  in  getting  these  cells 
ready  for  test.  They  were  given  what  appeared  to  be  a  normal 
formation  charge,  based  on  charge  voltage  behavior;  however,  on 
the  first  capr  3ity  discharge,  all  cells  gave  less  than  one  min¬ 
ute  capacity.  At  this  point  the  above-mentioned  cella  (1,  2,  10, 

11  and  27)  were  opened  for  examination  and  it  was  found  that  the 
sine  plates  were  substantially  unformed.  The  remaining  cells 
were  soaked  for  an  additional  two  weeks  (standard  procadure  is 
to  soak  cella  one  week  before  giving  the  formation  charge),  then 
they  were  given  an  additional  charge  of  50  hours  at  one  ampere. 

The  initial  capacity  data  shown  in  Table  I  was  then  obtained  on 
a  15  ampere  discharge  rate. 

Subsequently,  3-coil  groups  containing  0.5.  1.0  and  1.5>f 
asbestos  wore  tested.  These  failed  very  suddenly  at  74  cycles, 
even  though  plates  were  well-formed  and  showed  relatively  little 
loss  of  electrolyte  around  the  plate  edges.  These  were,  how¬ 
ever,  19-plate  cells,  and  it  is  thought  that  the  additional  8 
layers  of  fibrous  sausage  casing  separation  may  have  dried  out 
the  negative  plates. 

2.  Effects  of  Shredded  Fibrous  Sausage  Casing 

Cella  31  through  59  contained  5,  10  and  15^  shredded  fibrtxis 
sausage  casing  in  the  negative  plates  and  yielded  an  average  of 
146  cycles.  The  individual  groups  received  a  minimum  of  16  -  24 
a.h.  of  accumulated  overcharge  and  on  teardown  the  negative  plates 
were  substantially  10C#  metallic  sine.  Figures  5,  6  and  7  show 
representative  photomicrographs  of  failed  negative  plates.  It 
appears  that  the  fibers  have  done  a  good  Job  of  keeping  the  metal 
dispersed}  however,  there  are  many  gaping  voids  and  along  -with 
the  lops  of  material  around  the  edges,  there  may  have  bean  a  good 
deal  of  loss  in  electrical  contact  x'rcm  place  to  place  in  the 
active  material  contributing  to  loss  In  negative  plate  capacity. 


This  test  waa  repeated  with  9-cell  groups  containing  1,3 
and  5%  shredded  fibrous  sausage  casing  in  19-plate  cells. 

These  all  gave  134.  cycles  or  leas  with  some  very  early  failures 
(v.g.  14  cycles).  In  spite  of  the  fact  that  these  cells  had 
received  an  accumulated  overcharge  of  40  a.h.,  teardown  examin¬ 
ation  revealed  the  negative  plates  to  bo  mostly  zinc  oxide.  It 
is  evident  that  these  plates  were  not  accepting  charge  for  some 
reason,  or  either  the  large  quantities  of  overcharge  oxygen  was 
oxidizing  the  negative  plates. 

The  19-plate  construction  was  used  for  some  of  the  cell 
groups  during  this  phase  to  determine  whether  going  to  more, 
but  thinner,  plate  construction  could  improve  cycle  life.  Obvi¬ 
ously,  it  didn't. 

3.  Effects  of  Zinc  Metal 

Cells  60  through  86  contained  elongated  metallic  zino 
particles  (#1208  zinc  powder)  to  the  extent  of  5,  10  and  15% 
by  weight.  The  groups  containing  5%  and  15%  zinc  powder  aver¬ 
aged  very  well  at  171  and  168  cycles,  while  the  group  containing 
10%  zinc  failed  at  108  cycles.  These  groups  accumulated  13  to  25 
a.h.  of  overcharge  during  life  and  showed  substantially  100%  zinc 
metal  on  teardown.  Figures  8,  9  and  10  show  photomicrographs  of 
failed  zinc  plates.  That  for  5%  sine  (Figure  8)  is  comparable 
In  density  to  the  control  (Figure  1).  The  others  exhibit  a  con¬ 
siderable  loss  in  active  material. 

4.  Effects  of  Lignosulfonic  Acid 

Cells  126  to  143  contained  lignosulfonic  acid  in  ths  nega¬ 
tive  mix  in  concentrations  of  C.2,  1 .2  and  2%,  These  concentra¬ 
tions  yielded  average  cycle  lives  of  84,  168  and  132  cycles,  re¬ 
spectively.  It  appears  that  too  little  of  this  additive  is  not 
enough  to  be  effective,  and  that  an  optimum  quantity  aiound  1 .2% 
for  best  life  exists.  Figures  11,  12  and  13  show  photomicro¬ 
graphs  of  ainc  plates  from  failed  cells.  Figure  14  shows  a 
photomicrograph  of  a  sine  plate  from  a  failed  control  cell  for 


comparison.  Apparently,  the  lignoaulfonic  add  can  hare  son* 
dispersing  affect  although  comparing  tfca  partlcla  alias  In  fig¬ 
ures  12  and  14  would  lead  to  tha  inclusion  that  this  la  not 
tha  major  affect. 

5.  Effects  of  Cotton  fibers 

Calls  150  through  167  contained  concentrations  of  5,  3  and  1$ 
of  cotton  fibers  in  the  negative  plate.  Control  calls  (166  through 
173)  which  were  nm  with  this  group  averaged  122  cycles,  whil* 
those  with  the  fibers  averaged  128,  144  and  138  for  5,  3  and  1$ 
respectively.  These  cells  accumulated  37  a.h.  of  overcharge 
throughout  cell  life  for  1 .7$  per  cycle  and  showed  substantially 
100$  metallic  jino  in  the  negative  plates  on  teaxdown.  figures  15, 
16  and  17  show  photomicrographs  of  failed  negative  plates.  Ttii* 
additive  appears  to  aid  materially  in  keeping  the  metallic  sine 
dispersed;  moreover,  it  waa  the  only  one  examined  (of  the  mechan¬ 
ical  barrier  type)  which  appeared  to  have  any  effect  at  all  in  re¬ 
taining  the  sine  active  material  at  the  tops  and  edges  of  the 
plates. 

6.  Effects  of  Avicel» 

Ariosi  is  a  very  finely  powdered  mierocryetalline  cellulose 
(particles  in  the  IQ  range).  Cells  174  through  191  contained 
concentrations  of  5,  10  and  15$  of  this  materia!  and  averaged  130, 
96  and  72  cycles  respectively.  These  showed  substantially  100$ 
metallic  *ino  cn  teardown  and  they  had  accissulated  24  a.h.  over¬ 
charge  through  cycle-life  testing.  However,  their  voltage  be¬ 
havior  throughout  life  was  very  erratic  *cd  it  .is  concluded  that 
this  material  has  no  merit  as  an  addition  agent.  Photomicrographs 
are  under  preparation. 

As  a  matter  of  curiosity,  three  cells  (147,  148  and  149)  were 

•TMC  Corporation,  American  Viscose  Division,  !*«t/ark,  H.  J. 
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built  with  30*  by  weight  » hr  •died  fibrous  aauaage  s&aing  itnd 
cycled  at  40*  depth-of-<ii*charge.  These  gtre  3C0  cycles,  which 
■ay  be  ccepered  with  the  400-600  cycles  obtained  with  0.5* 
Emulphogene  BC-610  obtained  on  the  la.t  contract.  ?ig^e  Id 
•how.  a  photomicrograph  of  a  failed  *iac  plat*,  it  .pp^g 
that  30*  by  weight  of  this  lov-danaity  material  is  Juat  too 
*uch  bulk  and  it  kaepe  the  tine  dispersed  so  well  that  tha 
particles  fail  to  maintain  contact. 
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•Control  Calls 


B.  Surfactant  Additions 


The  following  Emulphogeue-type  rurfactanta  wore  teated  in  order 
to  complete  the  Eraulphogene  aeries,  which  ia  characterized  by  longer 
and  longer  polyethylene-oxide  chains  as  the  series  goes  up  in  amber 
from  BD-420  to  EC -340}  BC-420,  BC-720  and  BC-840.  The  increasing 
chain  length  of  the  polyethylene-oxide  structure  renders  the  mate-* 
rial  sore  and  more  soluble  in  water  and  water  solutions.  EC-610  in 
0.5 %  concentration  was  used  in  the  control  cells.  FC-95,  an  anionic 
flurocbemical  surfactant*,  was  also  tested. 

In  addition,  a  group  of  alcohols  were  tested  to  determine 
whether  the  alcoholic  functional  group,  in  combination  with  various 
chain  lengths,  might  function  in  the  same  way  as  the  Emulphogene. 
These  veret  tridecanol,  propanol,  ethanol,  tertiary  amyl  alcohol 
and  butanol. 

Table  II  shows  the  construction  features,  initial  capacities, 
life  a1’*  anpearanee  of  the  cell  components  after  failure. 

Cells  1  through  91  were  constructed  with  21  plates  and  three 
layers  of  fibrous  sausage  casing  separation.  This  was  an  attempt 
to  ascertain  whether  thin  plate  construction  with  reduced  numbers 
of  layers  of  celluloaic  separation  might  provide  longer  cycle  life 
for  the  same  internal  cell  volume.  The  results  speak  pretty  clearlyt 
the  major  cause  of  failure  was  short-circuiting  in  combination  with 
a  very  high  degree  of  washout  of  the  sine  plate  active  material. 
Initial  capacities  and  discharge  voltage  characteristics  of  these 
cells  were  very  good,  at  the  expense  of  cycle  life,  however.  The 
most  noteworthy  feature  of  this  group  of  cells  is  (although  those 
made  with  0.556  BC-610  washed  sod  shorted)  like  most  of  the  others 
that  it  achieved  166  cycles,  where  other  groups  were  shorting  or 
otherwise  failing  around  100-120  cycles,  or  less. 


•Minnesota  Mining  and  Manufacturing  Co.,  St.  Paul,  Minnesota 
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Becau 0*  of  the  short-circuiting  failure  mode,  the  thin-plate  eon-  ! 

atruction  did  not  allow  a  good  eraluatlon  of  the  surfactant  aeries  in  i 

terms  of  their  capability  to  extend  *ine  plate  life  and  the  teat  wu  re-  j 

l 

peated  with  the  standard  15-plate  construction  and  four  layers  of  fib-  j 

nous  aausaga  casing  using  3-cell  groups. 

Cells  91  through  120  show  the  pertinent  data.  The  BC-420  is  prob-  * 

abl7  as  good  as  but  no  better  than  the  standard  0,5$  BC-610.  The  EC-720 
and  BC-840  show  somewhat  reduced  average  cycle  life  in  comparison,  fig-  j 

ores  19  through  25  show  photomicrographs  of  the  negative  material  from  j 

falling  calls  for  the  surfactants.  A  good  deal  of  loss  of  active  mate¬ 
rial,  or  separation  of  active  material  from  the  grid,  seems  to  be  in¬ 
volved  in  this  whole  series. 

Cells  121  through  156  and  157  through  192  contain  various  concentra¬ 
tions  of  BC-610  and  were  life-tested  at  40°F.  and  lOO'V.  respectively  at 
Dayrad  Laboratories,  Dayton,  Ohio.  Cycle  life  at  either  temperature  was 
less  than  that  obtained  at  room  temperature.  The  spread  of  data  at  any 
one  temperature  la  low.  If  an 7  conclusion  can  be  drawn,  it  is  that  for 
best  cycle  life  at  low  tempera turoa  a  low  concentration  of  surfactant  la 
favored;  at  the  high  temperature,  a  high  concentration  is  favored. 

figures  26,  27  and  28  show  photomicrographs  of  failed  negative 
platee  at  40°F.  for  0.15,  0.6  aid  1.J$  PC-610,  respectively.  They  look 
much  like  the  material  when  it  fails  at  room  temperature  around  160 
cycles,  figures  29,  3C  and  31  shew  photomicrographs  of  failed  negative 
platea  at  100°?,  for  the  same  surfactant  concentrations.  Tha  lew  temp¬ 
erature  cells  failed  in  spite  of  the  fact  that  they  were  given  1-10$  '  1 

overcharge  and  the  negatives  appeared  to  consist  mostly  of  metallic  t 

sine  on  failure  examination.  high  temperature  cells  lost  negative 
plate  capaoity  in  spite  of  1-2$  overena’-go  per  cycle.  ! 

Cells  239  through  306  contained  FC-95  in  cocnantrations  of  0.1,  0.6 
and  1$.  There  was  a  slight  improvement  as  concertratico  increased.  In 
fact  the  1$  solution  gave  as  good  cycla  lif*  as  0.5$  Erralpi  ogane.  The 
photomicrographs  are  shown  in  figures  32,  3?  end  34.  They  look  such 
liio  tha  photomicrographs  for  Zmulphogane.  The  FC-95  test  had  a  total 
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of  40  a.h.  overcharge,  which  is  ample 


Calls  193  through  282  contained  various  percentages  of  the  alco¬ 
hols.  The  control  calls  for  this  group  (calls  283-288)  gave  only  104 
cycles .  Cycle  life  for  these  groups  ran  from  60  to  159  (except  for 
the  ethanol)  and  the  sine  plates  showed  mostly  arid#  on  teardown  exam¬ 
ination.  Integrator  readings  for  these  groupa  showed  that  they  re¬ 
ceived  less  than  0.5%  overcharge  per  cycle}  consequently,  this  cannot 
be  considered  a  good  test  of  the  several  alcohols  and  needs  to  be  re¬ 
peated. 


C.  funda>.~ntal  Studies  m  Surfactants 

The  Second  Quarterly  Report  on  "Adsorption  of  Organic  Materials 
on  Zinc  Electrodes"  from  the  University  of  Texas  is  attached. 

D.  Particle  Site  and  Morphology  of  Zinc  Oxides 

In  an  effort  to  determine  whether  the  starting  sine  oxide  has  any 
effect  on  cycle  life,  a  variety  cf  oxides,  embodying  variations  in  pre¬ 
paration  process,  particle  aise,  crystal  morphology,  surface  area,  dop¬ 
ing  agents  to  improve  oxide  conductivity,  and  impurities  have  been  pre¬ 
pared  and  tested.  Twenty  variations  have  been  tested  so  far  with  results 
as  shown  in  Table  III .  The  data  to  date  show  nothing  of  major  signifi¬ 
cance  in  comparison  with  the  standard  oxide,  Kadox-15. 

Photomicrographs  have  been  prepared  for  representative  sine  plates 
from  failing  cells.  These  are  not  reproduced  herein  because  all  the 
samples  have  not  yet  been  submitted.  Similarly,  analysis  of  the  data 


will  be  held  until  all  Information  is  at  hand  for  the  preliminary 
samples.  The  Second  Quarterly  Progress  Report  submitted  by  the  Sew 
Jersey  Zinc  Company  is  attached. 


TABLE  II  (Continued) 


Sine  Electrode  Fabrication  Technic 


In  an  effort  to  determine  whether  negative  plate  cycle  life  scold 
be  increased  by  achieving  an  interlacing  network  of  basic  cine  arid as 
and,  subsequently,  of  sine  crystals  by  means  of  wet  pasting  with  jnCO-* 
and  ZnSO^  additions,  the  following  wet  pastes  were  tested!  sins  aside 
plus  various  concentrations  of  2&CO3  and  sine  oxide  plus  various  con¬ 
centrations  of  2nSC>4.  In  addition,  admixtures  of  the  aoicular  sins 
oxides  XX 601  and  2X4  to  the  Kadox-15  were  tested. 


After  drying  plates  made  with  wet  pastes  of  the  ZnSO^  additions 
showed  the  presence  of  basic  sine  sulfates  in  the  X-ray  pattern.  Vet- 
pasted  plates  made  with  ZrCOy  additions  showed  simple  mixtures  of  ZnO 
and  fnCO-j  In  their  X-ray  patterns. 

Table  17  shows  the  initial  capacity,  cycle  data,  construction 
and  appearance  of  cell  components  on  failure  analysis. 

Cells  1  through  18  were  fabricated  with  thin  plates  and  21-plats 
construction  with  the  usual  four  layers  of  fibrous  sausage  easing  sep¬ 
aration.  Trouble  on  cycling  was  immediately  experienced,  sene  cells 
falling  before  20  cycles.  These  could  be  brought  back  by  extended 
overcharges  but  they  wouldn’t  last  long  anyway  even  after  the  over¬ 
charge.  This  is  believed  to  be  an  sleotrolyts  starvation  situation  at 
the  sine  electrode  due  to  the  high  ratio  of  separator  weight.  Control 
cells  (19-27)  behaved  the  same  way. 

It  is  interesting  and  must  be  significant  of  acme thing  that  the 
21 -plate  construction  which  utilised  and  &1SO4  additions  to  the 

negative  plates  did  not  experience  this  difficulty  (cells  38-55). 

These  gave  respectable  cycle  lives  ranging  from  132  to  180  cycles 
with  the  cells  having  ZnS04-oorrtain±ng  negative*?  showing  up  a  littls 
better.  These  cells  exhibited  very  heavy  sine  messing  around  the 
bottom  and  edges  of  the  plates,  although  they  did  not  fail  by  short- 
circuiting  but  by  loss  of  active  material. 

C*lla  28  through  37  contained  admixtures  of  2X4  sine  oxide  in  2, 
5,  and  10^  by  weight  concentrations.  These  utilised  thin-plate,  17- 
plate  construction,  eo  the  ratio  of  plate  weight  to  separator 


weight  was  higher  than  in  ths»  ui«  of  the  21-plate  construction.  Thee# 
cycled  without  any  problem,  bat  their  life  of  157  eyelet  doesn't  repre¬ 
sent  any  increase  over  that,  obtained  with  the  15-plnt#  eons'' ruction  and 
the  addition  of  Emulphogene  BC-610. 

A  repeat  test  was  made  with  the  standard  15- plate  construction  with 
negative  plates  containing  ZrCQj  and  ZaSC^  (calls  5^-76}  *  Some  improve- 
sent  in  cycle  life  was  achieved  by  cells  containing  negatives  with  % 
ZnSC>4  and  5$  appears  to  be  a  nsar-optiimm  concentr’itiaa^  The  addition 
of  fnCOj  wae  definitely  harmful  ac  this  test .  Thee.?  *nlls  accumulated 
14-4  a.h.  of  overcharge  for  about  0.6$  per  cycle  ari  they  exhibited  a 
relatively  low  amount  of  washout.  The  negative*  showed  mixed  arid#  end 
metallic  sine  on  teardovn.  It  seems  possible  that  these  cells  may  have 
done  slightly  better  if  given  a  little  more  overcharge. 

Calls  containing  2  and  5$  ZnSO^  admixtures  to  tbs  vigative  plate 
were  tested  at  Deyrad  at  low  temperature.  They  would  not  ejcli  at  all 
at  30V  or  40°r.  and  had  to  be  brought  back  to  room  temperature  before 
they  would  cycle. 

f.  Influence  of  Membrane  Separator  Characteristics 

The  Third  Quarterly  Report  of  the  RARMCO  Division  of  Whittaker 
Corporation  1*  attached. 


Q.  Sites  for  Tap  Overaroutha 


Ths  basis  for  this  approaoh  toward  extending  the  capacity  and, 
perhaps,  cycle  life  Is  to  provide  crystal  sitee  for  precipitation  of 
XnO  within  the  sine  plate  itself,  thus  disoouraging  its  transport 
through  the  separator  and  to  the  bottcn  of  the  plate,  fast  precipita¬ 
tion  should  tend  to  lncreaee  the  slno  plate  capacity  by  Blowing  down 
tha  aoousulatian  of  slneate  ion  in  aolution,  which  night  be  expected 
in  turn  to  slow  down  the  onset  of  passivation.  Also,  if  precipitation 
oould  be  induced  at  the  location  where  the  slno  is  going  into  solution 
during  discharge,  on  the  subsequent  oharge  ths  fometlcn  of  netallio 
sine  night  be  expeoted  to  take  place  at  the  same  location,  thus  tending 
to  stabilise  the  geometrical  distribution  of  slno  on  the  eleotrode  and 
so  promote  longer  life. 

luesian  work  (V.  Julidov,  Author's  Certificate  10.  116612  of 
3/7/56}  had  shown  the  possibility  of  using  C a (03)2*  which  is  quite  in¬ 
soluble  in  alkali,  to  accomplish  this  purpose  in  the  study  of  »iao- 
zdoksl  acids  cells.  Based  on  that  work,  18  oalls  were  oenatruoted,  6 
eells  eaoh  containing  1,  3  and  5%  by  weight  of  finely  divided  CaO  in 
the  negative  plate,  initial  eapacltlee  ware  oheokad,  and  the  oalls 
cyole-life  tested.  The  data  are  shown  in  Table  7. 


TABS  7 

Initial  Capacity  and  Cycle  Life  of  Celle  with 
Begative  Plates  Containing  Insoluble  CaO 


Vo.  of  Cells 

CaO  in  Vagatlve 
by  Weight) 

Initial  Capaoity 
(A.H.) 

Cycle  Life 

6 

1 

2A.1 

156 

6 

3 

24.1 

96 

6 

5 

23.8 

156 

The  data  show  no  obvious  offsets  cm  alther  initial  capacity  or  eyele 
life,  and  it  is  concluded  that  the  use  of  CeO  does  not  achieve  the 


19 


desired  result,  at  least  in  these  small  concentration*.  This  ia  in 
■harp  contrast  to  the  behavior  of  BaSty  in  lead-acid  cell*  which  ha* 
appreciable  effects  cm  capacity  of  lead  plates  when  used  in  quantities 
of  lee*  than  0,5%. 

The  reason  for  the  ineffectiveness  of  CaO  additions  (which  was 
also  found  to  be  true  by  7.  7,  Romanov,  "On  approaches  to  Extend 
Service  Life  of  the  Nickel -Zino  Battery")  was  shewn  by  him  to  be  due 
to  the  slowness  with  which  Ca(0H)2  induces  precipitation  of  sincate 
ion  from  solution.  Although  substantially  complete  precipitation 
oould  be  achieved  in  a  90-day  period,  it  takes  30  days  to  reduce  the 
s locate  ion  concentration  by  one-half.  Romanov  used  a  Ca( 0H)2  con¬ 
centration  in  the  ratio  of  1i2.2  to  ZnO  in  his  plate*,  and  ha  aban¬ 
doned  this  approach  toward  extending  sine  plate  cycle  life. 

A  literature  search  has  been  made  by  Dr.  V.  7anDoome  (Calvin 
College,  Grand  Rapids,  Michigan)  in  order  to  dlaeloae,  if  possible, 
other  oxides  or  hydroxides  which  might  possibly  be  tried  out  to 
achieve  the  desired  effects.  This  survey  ia  included  in  this  report 
as  Appendix  I  in  order  to  preserve  the  referencing  system  in  his  **e- 
port. 

The  search  disclosed  the  following  oxides  as  possibilities  - 
all  of  which  form  colid  solutions  with  ZnOt  BeO,  HnO,  FeO,  CcO,  IfiO, 
CuO,  PdO,  MgO,  CdO,  SnO.  In  addition  it  was  found  that  both  Ni(0H)2 
and  Co(0H)2  form  aolid  solutions  with  Zn(0H)2.  Thus,  from  the  point 
of  view  of  crystal  structure,  any  one  or  all  of  these  might  he  tried 
for  their  possible  effeots  along  the  desired  lines. 

If  the  slowness  of  precipitation  of  sincate  ion  from  solution 
were  to  hold,  regardless  of  the  nature  of  the  host  crystal,  then 
this  approach  ia  doomed  to  failure  in  any  case  (for  the  2-hour  cycle); 
however,  inasmuch  ae  this  la  not  known  at  this  time,  such  cf  these 
materials  as  meet  the  criteria  described  below  might  be  tried  out 
in  the  next  year's  work. 

The  criteria  are* 

ora,  the  oxide  or  hydroxide  must  be  insoluble; 


two,  the  oxide  or  hydroxide  must  have  a  reduction  potectial  mere 
negative  than  that  for  the  ZnO  -  Zn  charging  reaction. 

The  reasons  for  thece  criteria  are  fairly  obvious.  If  the  mate¬ 
rial  la  soluble,  it  can't  remain  in  the  plate  in  ita  crystalline  form. 
If  it  la  reduced  to  natal  at  pot  anti  ala  lea*  negative  than  that  for 
the  2n0  -  Zn,  then  on  the  formation  charge  it  would  go  to  the  metallic 
state  and  remain  that  w ay  on  the  plate.  In  the  latter  instance,  it 
would,  furthermore,  be  disastrous  to  incorporate  a  substance  with  a  low 
hydrogen  overvoltage,  because  then  hydrogen  gas  generation  rates  would 
be  expected  to  become  unbearable  for  sealed  cell  operation.  feO  is  a 
good  example  of  the  latter  situation.  It  is  well  known  that  the  iron 
electrode  of  the  Sdiaon  cell  has  a  very  short  charged  stand  life  be¬ 
cause  of  the  rate  at  which  it  generates  hydrogen  in  the  KDH  electrolyte 
environment . 

Reference  to  Latimer,  "Oxidation  Potentials,"  2nd  ad.,  Table  85 
(Prentice-Hall,  Inc.  1952,  Inglewood  Cliffs,  I.J.)  gives  the  line-up 
in  Table  71  for  the  oxidation-reduction  potentials  of  the  candidate 
oxides  or  hydroxides  in  alkaline  solutions. 


TABU!  71 

Reduction  Potentials 


Couple 

1° 

Ca  +  2  Off* 

3 

Ca(0H)2  +  2e 

-3.03 

Mg  +  2  OJT 

3 

Kg(CH}2  ♦  2e 

-3.69 

2Be  +  6  ClT 

3 

B^Oj*  +  3  3j0  +•  4e 

-2,62 

Mn  +  2  CH~ 

m 

Mr.(0H)2  +  2e 

-1.55 

In  +  2  OH" 

«r 

*n(0H)2  +  2e 

-1.245 

la  +  4  OH" 

3 

InCfc*  +  2  fl20  +  2a 

-1.216 

Cr  +  4  CH“ 

3 

CrCg*  +  H20  +  3e 

-1.2 

3n  +  3  OFT 

3 

BSnOj”  +  +  2e 

-0.91 
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TABUS  VI  (Continued) 

Reditction  Potentials 

Couple  B° 


fe  4  2  OS” 

*  7e(0H)2  4  2s 

-0.377 

ft  4  2  OH" 

*  2  ftO  4  2« 

-0.828 

Cd  +  2  OH" 

*  Cd(0H)2  4  2e 

-0.809 

Go  4  2  0 tr 

*  Co(0H)2  +  2e 

-0.73 

Hi  +  2  Off" 

*  Hi(0H)2  4  2e 

-C.72 

2  Cu  4  2  OH"  =  Cu20  4  ftO  +  2e 

-0.358 

C vqO  4  2  CB“  4  ftO  *  2  Cu(0H)2  +  2e 

-0.060 

Pd  4  2  <3T 

*  Pd(0H)2  ♦  2e 

40.07 

On  the  basis  of  these  data,  only  Ca,  Mg,  Be  and  Mn  eocides  or  hydroxides 
vould  not  be  expected  to  be  reduced  to  natal  at  the  sine  electrode. 
Romanov  has  given  up  on  Ca(0S)2  and  KgCOH)^  and  the  d-ta.Sf  this  re¬ 
port  show  that  addition  of  CaO  has  no  beneficial  effect. 

BeO  is  quite  soluble  in  strong  KaQH,  to  the  extend  of  3  +  gtq/100  gn 
saturated  eolution.  While  it  would  be  a  sisple  natter  to  saturate  the 
solution  (assuming  that  it  would  hare  a  similar  solubility  in  ”03)  and 
then  add  excess  BeO  to  the  plate,  the  solid  phase  in  existence  with 
BeO  in  concentrated  solutions  is  not  BeO,  but  BeO^HaOH'HgO  (Seidell, 
■Solubilities  of  Inorganic  and  Hetal  Organic  Compounds,"  4th  Ed,, 

Vol.  I,  p.  412.  D.  VanBostrard  Company,  Ins.,  Sew  Tork,  1953).  If 
a  similar  compound  were  to  fora  in  KOH  solutions,  the  crystal  structure 
would  bo  changed,  of  course. 

Solubility  data  for  Mn{0H)2  in  HaOH  solutions  show  0.03  grams  per 
4.14  aolal  solution  with  solubility  increasing  with  concentration 
(Seidell,  Vol,  II}  p.  553).  Tbs  proscsco  of  manganese  in  the  syisim 
is  to  be  eschewed,  however,  because  soluble  permanganates  ara  certain 
to  be  formed  cm  charge  at  the  silver  colds  plate  which  would  oxidise 
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th*  separator 


It  la  concluded  frets  tha  a  valla  bl  9  information  that  t?ii*  «w*t’aaoh 
appears  to  be  hopeless,  and  abandonment  Is  recoaaaended, 

H.  Development  of  Failure  Analysis  Techniques 


Ho  work  has  been  done  this  year  other  than  use  of  techniques  al¬ 
ready  established,  except  to  take  many  aore  ndcrcphotographa  of  failed 
plates,  and  to  begin  work  on  the  alternative  method  of  surface  area 
determination  described  trlow  in  section  L.  Much  of  the  contemplated 
work  is  waiting  on  cycle  life  improvement  possibilities. 


I.  Sizes  of  Zlncate  Ion  and  Soluble  Silver  Species  In  KOB 

In  an  attempt  to  achieve  a  hotter  understanding  of  concentrated 
KOH  solutions,  available  data  from  the  literature  have  been  treated 
as  discussed  herein.  It  is  of  Interest  to  achieve  a  better  understanl- 
ing  of  battery  strength  KOH  solutions  as  a  firm  besis  for  further 
studies  on  z locate  ion  and  the  soluble  silver  species.  For  exasole,  it 
would  be  desirable  to  have  a  separator  material  which  would  allow  free 
migration  and  diffusion  of  KOH  and  yet  screen  out  the  passage  of  z in cate 
ion  and  aoluble  silver  species.  In  order  for  tMs  to  be  achievable,  a 
sufficient  difference  in  ionic  (or  molecular)  diameters  would  have  to 
exist  between  If*  and  OH1*  on  the  one  hand  and  slncate  and  3oluble  silver 
on  tha  other.  If  an  appreciable  difference  were  to  be  found,  then  it 
would  make  sense  to  try  to  develop  separator  materials  with  e  pore  aise 
large  enough  to  admit  free  diffusion  of  KOH,  bit  small  enough  to  block 
z innate  ion  and  silver.  Conversely,  if  ionic  (or  molecular)  sizes  of 
KOH  (lv,  OH")  were  to  be  found  to  be  nearly  equivalent  to  zincata  and 
silver  sizes,  then  attempts  to  develop  separator  materials  to  achieve 
the  desired  end  on  a  pore  size  besi3  would  be  useless,  and  different 
approaches  would  have  to  be  found. 

The  work  herein  reported  may  b«  regarded  as  a  first  approach  to 
the  problem  end  is  inccauplste  in  the  sense  t'.iat  data  for  the  several 
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separate  ions  have  not  been  achieved  except  in  terms  of  upper  and 
lover  limits;  however,  data  in  the  existing  literature  can  be 
treated  to  obtain  molecular  volumes  for  grated  XOH  in  battery 
strength  solutions. 

Partial  Molal  Volumes 

As  a  first  step  in  the  procedure,  the  density  data*  for  RQH 
solutions  up  to  50$  by  weight  (68°?,)  were  used  to  calculate  the 
volumes  of  solutions  containing  1000  grams  of  water.  The  data 
are  shown  in  Table  VII, 


TABLE  VII 


Volumes 

of  XOH  Solutions  (68°f .) 

Weight  % 
K0H 

Density 

Volumes  of  Sol¬ 
utions  Containing 
1000  gtt.  %0  (c.e.) 

Weight 

XOH 

Grams 

Molality 

*5 

0 

0.997 

1003 

0 

0 

2 

1.016 

1004 

20 

0.36 

6 

1.053 

1010 

65 

1.16 

10 

1.090 

1022 

112 

2.00 

16 

1.147 

1037 

190 

3.39 

24 

1.226 

1074 

317 

5.65 

30 

1.288 

1110 

430 

7.66 

40 

1.396 

1193 

668 

11.9 

50 

1.512 

1322 

1000 

17.8 

Pro*  these  data,  the  solution  volume  may  be  plotted  against  the 
molality,  as  in  figure  35.  The  tang ant  to  the  curve  at  any  value 
of  molality  provides  data  for  the  calculation^!  the  partial  molar 
volume.  As  an  example,  from  the  tangent  at  40$  by  weight,  the  voltg&e 


•JAGS,  Apr.  1941,  p.  1088, 

**3»e,  for  "Taocthook  of  Physical  Chemistry,'’  Glasstcm.  2nd 

Ed.  p.  239,  5*.  TanJlostrand  Co.,  Inc.  1946. 


of  KOH  in  solution  la  calculated  to  be  20.5  c.c.  Tfriis  ray  be  compared 
with  27.4  c.c.  calculated  for  the  molar  volume  from  the  handbook  value 
of  2.044  gm.  per  c.c.  for  the  density  of  ?olid  KOH. 

Proa  the  molar  volume,  the  volurse  per  molecule  of  KOH  in  solution 
nay  be  calculated,  using  Avagadro's  number 


-20*1 


=  3.41  x  IQ-*23  c.c. 


6.023  x  1023 

or  3.41  x  10~23  x  10^4  =  34.1  cubic  Angstroms. 

If  the  molecule  is  treated  as  a  sphere,  the  molecular  diameter  ia 
calculated  to  be 

d3  *  J.  3  55 

d  a  4  1° 


On  this  basis,  the  diameter  of  either  the  I*  or  the  CH“  ion  would  be 
leas  than  4  1°. 

Fron  the  shape  of  the  curve,  it  is  evident  that  the  molar  volume  of 
the  KOH  gets  progressively  smaller  as  the  concentration  of  solution  de¬ 
creases.  Thus  atn2  =  2  (lOJJby  weight  KOH),  the  molar  volume  ia  calcu¬ 
lated  from  the  tangent  to  be  12  o.c.  per  mole.  Evidently,  KCH  solutions 
are  indite  non-ideal,  aal  the  molecular  volumes  of  dissolved  KOH  and 
water  are  far  from  being  additive.  Just  how  far  they  are  from  being 
additive  ia  described  in  Figure  36  where  the  volume  per  mole  for  KOH 
solutions  is  plotted  araJnst  tho  mole  fraction  of  KOH.  These  data  v»r® 
calculated  from  Table  VII. 

The  deviation  from  ideality  means,  of  course,  that  th<?  ions  fr»jn 
dissolveu  KCH  ay®  esore-or-less  hydrated  in  solution.  As  a  consequence, 
the  molecular  vo'.wte  and  diameter  previously  calculated  for  KOn  in  4CS 
solution  mny  bo  considered  to  be  effective  values  for  KCH  atrlpc<>d  of 
waters  of  hydration,  sari  therefore,  not  raprassr-tative  of  the  rial  sit¬ 
uation  In  solution,  'rfv.tle  Figvr-s  'j6  eays  V-at  t^ers  is  e.  good  dial  of 
sc ’.ut s-solvent  interaction,  the  data  of  the  figure  do  not  provide 
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titative  means  of  determining  how  much  water  is  tied  up  by  dissolved 
KOH  as  water  of  hydration. 

Degree  of  KOH  Hydration 


A  rery  thorough  review  of  the  literature  has  not  yet  been  mado 
in  terms  of  ionic  hydration  numbers  in  strong  KOH  solutions}  however, 
a one  information  is  available  for  comparison  with  the  treatment  which 
will  be  made  below.  For  example  G.  Tagil  hac  found  a  hydration  number 
of  3  for  OH"  ion  in  concentrated  KOH  and  NaOH  solutions  (JACS  8J  (16), 
2376-60,  1963)  by  means  of  reaction  rate  studies,  in  good  agreement 
with  Ackermann  (CA  55,  13054  a)  who  studied  hydration  by  means  of 
infrared  techniques.  Brady  and  Xrause  found  a  hydra tiofa  number  of  4 
for  K*  ion  in  concentrated  KOH  solutions  (11.36/C  and  18.81$  KOH,  by 
weight)  using  X-ray  diffraction  (Norelco  Report  5,  111,  1958).  The 
latter  article  also  contains  reference  to  theoretical  means  of  cal¬ 
culation  of  hydration  numbers.  Textbook  values  (Gl as stone ,  "Textbook 
of  Physical  Chemistry,  p.  921,  2nd  Bd.  D.  VanHostrand  and  Co.,  Hew 
York,  1946)  of  hydration  numbers  for  X+  ion  in  IC1  solutions  of  5*4 
and  10.5  are  given. 


At  any  rate,  a  treatment  which  enables  calculation  of  hydration 
numbers  of  KOH  as  a  function  of  concentration  lo  proposed,  hereby, 
which  is  believed  to  be  novel  and  which  indicates  that  hydration 
numbers  depend  substantially  on  concentration. 

The  concept  and  treatment  of  data  are  very  simple. 


Determination  of  molecular  weights  from  freezing  point  depres¬ 
sion,  boiling  point  elevation,  vapor  pressure  reduction,  etc,,  are 
all  commonly  used  techniques,  and  any  standard  elementary  pnysical 
chemistry  text  provides  the  theoretical  basis  for  making  such  deter¬ 
minations.  Furthermore,  the  same  texts  discuss  solutions  of  strong 
electrolytes,  where  100$  ionisation  is  assumed  to  be  the  caae.  The 
major  problem  seers  to  be  that  such  experimental  data  are  good  only 
for  relatively  dilute  solutions  (1  to  2  molal,  or  less). 


|  ■  I  '  ~  f  -  /—fc  \  1  f 
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When  freeiing  point  depression  data,  boiling  point  elevation  data, 
and  vapor  pressure  lowering  data  for  KGH  solution*  are  examined,  it  is 
apparent  that  the  quantities  involved  are  substantially  larger  than 
those  which  can  be  calculated  on  the  basis  of  the  simple  theory,  assum¬ 
ing  lOOJt  ionisation,  aa  concentration  increases  beyond  1  or  2  molal. 

It  is  suggested,  therefore,  that  thla  result  occur*  simply  because  of 
the  hydration  of  ions  (and/or  molecules) ,  and  that  comparison  of  the 
actual  data  with  that  calculated  aa  theoretical  baaed  on  1002  ionisation 
(from  Raoul t' s  Law)  can  provide  a  means  of  determining  the  extent  of 
hydration.  Vbat  this  means  is:  because  of  hydration,  the  water  of 
hydration  becomes  a  component  of  the  solute*  and,  consequently,  the 
real  concentration  of  solute  becomes  appreciably  larger  than  that  cal¬ 
culated  from  the  straight  molal  quantities  of  each  component  originally 
added  in  making  up  the  solution. 

The  vapor  pressure  lowering  relationship  is  chosen  to  illustrate 
the  method  of  data  treatment.  In  Figure  37  are  shorn  the  measured  values 
of  vapor  pressure  of  water  for  solutions  of  KOR  up  to  50%  by  weight  at 
68°F.  (International  Critical  Tables,  Fol,  Ill,  p.  373).  On  the  earn* 
graph  are  shown  values  of  the  vapor  pressure  calculated  from  Raoult'a 
Law  based  on  100<  ionisation  (this  latter  curve  is  different  from  the 
one  shown  in  Figure  24,  Second  Quarterly  Report,  because  Raoult's  Law  was 
improperly  handled  in  calculating  the  theoretical  vapor  pressure  lowering 
In  the  earlier  report,  as  pointed  out  by  Professor  Dirkse  in  a  private 
cooemnicatioo  dated  May  15,  1967). 

The  tie-lines  drawn  in  the  figure  indicate  that  a  3  molal  solution 
behaves  like  a  theoretical  4.5  molal  solution,  a  5  molal  solution  be¬ 
haves  like  a  theoretical  9.3  molal  solution,  an  3  molal  solution  behaves 
like  a  21.8  molal  theoretical  solution,  and  so  forth. 

Vow,  a  9.3  molsl  solution  contains  55.6  moles  of  water  in  the  ratio 
9.3/55.6,  so  the  5  molal  solution  behaves  as  though  it  contains  water  in 
the  same  ratio. 


•See,  for  example:  "Ionic  Sises,"  3tern  and  Amis,  Chest,  Rev.  jg, 
Feb.  1959,  p.  23. 
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5 .0  _  9.3 
X  55.6 

X  *  29.9 

But,  inasmuch  as  the  5  raolal  eolation  actually  contains  55.6  moles 
of  water,  then  55.6-29.9  ■  25.7  moles  of  water  hare  beooae  part  of 
the  aalute  as  water  of  hydration.  Therefore,  25.7  moles  of  water 
are  associated  with  5  soles  of  SDH  for  a  hydration  number  of  5*14. 
In  similar  fashion,  a  hydration  number  can  be  calculated  for  each 
concentration  of  XOH,  and  the  curve  described  in  figure  38  la  ob¬ 
tained,  The  curve  Indicates  that  the  number  of  aolea  of  water 
associated  with  one  aole  of  IQH  falls  off  as  concentration  is 
increased. 

low  ve  are  in  a  position  to  calculate  the  else  of  the  hydrated 
molecule.  Using  a  LffjL  by  weight  solution  (11.9  *),  from  Figure  38 
It  ie  seen  that  3.6  moles  of  water  are  tied  up  with  1  mole  of  XOH. 
Because  there  are  11.9  moles  of  KOS  in  a  40 %  solution,  42.9  moles 
of  water  are  hydrated,  leaving  12.7  moles  of  solvent  water.  If  it 
is  assumed  that  solvent  water  has  the  same  specific  volume  as  pure 
water,  then  the  volume  of  solvent  water  is 

12.7  *  18.1  *  230  c.o. 

But,  frco  Figure  35,  an  11.9  molal  solution  containing  1000  grams 
of  water  has  a  volume  of  1190  o.c.  Therefore,  the  voltme  of 
hydrated  XCH  is 

1190  -  230  ■  960  c.c. 
or  960/11,9  *  80.6  c.e/mole 

The  value  of  SO. 6  0.0.  per  mole  may  be  compared  with  the  additive 
value  of  90.9  calculated  from  the  molar  volisss  of  solid  XOH  sod 
that  for  3.6  moles  of  water. 

Again,  using  Avagadro’s  number,  the  volume  per  hydrated  mole¬ 
cule  for  KCH  in  a  40£  solution  is 

*  13.4  x  lO”2^  c.c. 


-  80.6 
6.023  x  1023 


or  13.4  *  IOr-23  x  lO2^  *  134  cubic  Angstroms. 

If  the  hydrated  molecule  la  treated  as  a  sphere,  the  molecular  diameter 
Is  calculated  to  be 

jj3  a  a  255.5  cubio  Angstroms 

d  *  6.35  A0 

For  a  4  aolal  solution  (hydration  cumber  5.6),  tha  voloss  per  molecule 
is  calculated  to  be  187  cubic  Angstroms  and  tha  spherical  diameter  to 
he  7.1  A°.  On  this  basis,  tbs  diameter  of  either  the  hydrated  X*  ion 
or  the  hydrated  CH  ion  would  be  less  than  7.1  -  6.35  A°,  over  the  con¬ 
centration  range  involved. 

The  phase  diagram  for  XOH  -  IfcO  solutions  indicates  formation  of 
the  solid  compound,  K0n*4H^0,  at  JU%  XOH  by  weight  (-38^.).  This  is 
13.9  molal,  for  which  there  are  exactly  4  moles  of  water  per  mole  of  XOH 
available  for  hydration.  At  the  freezing  point,  the  degree  of  hydration 
may  be  regarded  as  corresponding  perfectly  to  the  available  water.  It 
is  Interesting  that  the  projected  curve  of  Figure  38  lies  under  4  waters 
of  hydration  far  the  44  weight  %  solution.  It  would  be  expected  on  this 
basis  that  the  degree  of  hydration  should  decrease  as  temperature  in¬ 
creases,  and  it  would  be  interesting  to  go  through  similar  calculations 
for  vapor  pressure  curves  at  otbsr  temperatures,  as  well  as  similar 
treatments  of  the  freezing  point,  depression  curves  and  boiling  point 
elevation  curve* . 

It  is  Interesting,  also,  that  at  4  aclal  (18,S£  by  weight)  the  total 
hydration  obtained  by  tbe  scheme  used  in  this  section  is  3*6.  This  may 
be  oompared  with  a  possihl#  expected  total  of  4.0  +  3.0  *  7.0  from  the 
references  quoted  at  the  beginning  of  this  section. 

Figure  39  si  cws  the  total  molee  of  both  bound  and  free  water,  calcu¬ 
lated  from  the  data  of  Figure  38,  as  a  funotioa  of  concentration.  The 
data  of  this  curve  corrects  the  upper  curve  of  Figure  26  in  the  Second 
Quarterly  Report. 

On  the  basis  of  the  fact  that  the  phase  diagram  shows  the  ccneentra- 


tion  of  I0H  to  be  52.8*  by  weight  (20  m)  at  a  freesing  point  of 
68^,,  another  point  can  be  located  on  the  curve  of  Figure  39  for 
20  aolal  and  it  would  correspond,  of  course,  to  55*6  moles  of 
bound  water.  (This  assumes  that  the  vapor  pressure  of  water  at 
the  free* lag  point  would  be  substantially  nil) >  Extrapolation 
of  the  aotual  vapor  pressure  curve  of  Figure  37  to  iero  indicates 
tero  vapor  pressure  around  20-22  molality  for  a  hydration  number 
of  2.6  -  2.8. 

Ion-Ion  Association 

In  the  Seoool  and  Third  Quarterly  Reports,  some  speculation 
was  given  to  the  possibility  of  i co-ion  association  in  at  <ong  10 H 
eolutlcne,  on  the  basis  of  Figure  26  in  the  Second  Quarterly  Re¬ 
port,  and  on  the  basis  of  the  fact  that  the  product  of  the  con¬ 
ductivity  and  the  viscosity  divided  by  the  molarity  was  f jund  to  be 
not  a  constant  at  20°C.  Professor  Dirkae  in  a  similar  calculation 
(private  ocomnnioaticn  dated  Hay  25,  1967)  showed  constancy  of  the 
function  for  EOH  solutions  at  25°C.  Consequently,  the  data 

were  recalculated  for  25°C .  using  the  viscosity  data  given  in  Table 
5,  page  155,  of  "Characteristics  of  Separators  for  Alkaline  Silver 
CSride  Batteries  -  Screening  Methods".  These  data  were  found  to 
agree  exactly  with  viscosity  data  given  by  Hitchcock  and  Mcllhenry 
(Ind.  A  Eng.  Cheat.,  Vol.  27,  p.  466).  Data  for  conductivity  at  25  C. 
were  obtained  from  the  resistance  values  of  XOB  at  25°C.  given  in 
Table  2,  pages  149-150  of  the  Screening  Methods  reference  given 
above.  Table  Till  shews  the  data  and  the  calculated  values  of 


Concentration 

(Molarity)  »)  X  X  X/i 
0.6  0.91  0.130  0.118  0.198 
0.8  0.93  0.170  0.159  0.197 


0 

0 

D 

D 

D 

D 

D 

0 

0 

0 

D 

0 

0 

0 

D 

0 

D 

0 
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TABLE  7 III  (Continued) 

Beta  for  the  Function  nX/C  for  KCH  Solutions  at  2$°C . 


Conoentraticn 

(Molarity) 

n 

X 

>*X 

nxyb 

1.0 

1.00 

0.200 

0.200 

0.200 

1.5 

1.03 

0.295 

0.304 

0.204 

2.C 

1.10 

0.360 

0.39C 

-  Wr'l-io 

4.0 

1.40 

0.575 

0.805 

0.201 

6.0 

1.83 

0.640 

1.17 

0.195 

8.0 

2.42 

0.620 

1.50 

0.187 

9.0 

2.82 

0.583 

1.64 

0.182 

10.0 

3.30 

0,541 

1.78 

0.178 

11.0 

4.00 

0.505 

2.03 

0.184 

12.0 

4.83 

0.460 

2.22 

0.184 

13.0 

6.20 

0.405 

2.50 

0.193 

13  U 

7.00 

0.387 

2.71 

0.202 

Avg. 

0.193  ±3.6$ 

While  there  Is  some  variation  Is  the  values  of  rjX/b,  end,  possibly 
e  ■iwtwn»  In  the  value  near  10.0  aelar,  actually  the  values  lie  within 
an  average  deviation  of  +  3.6ft  which  is  probably  not  outeide  the  limit  a 
at  experimental  error. 

The  point  ia  this*  if  ifl  truly  a  constant,  than  there  should 

be  no  loo-ion  association  effects  in  XCH  solutions,  eves  up  to  45$  by 
weight,  and,  consequently,  no  regard  wed  be  given  to  such  possible 
effects  on  the  values  of  hydration  man  bars  and  ion  sites,  as  was 
attempted  in  the  Third  Quarterly  Report  (see  text,  ppe.  4  and  5,  and 
illustration,  figure  2).  Again,  it  cay  be  suggested  that  a  body  of  such 
data  should  be  obtained  with  temperature  as  a  parameter.  These  data  are 
very  interesting  in  terms  of  XOH  solutions,  in  view  of  the  existing  theory 
concerning  ion-ion  association  in  strong  alectrolytee.  Similar  work  for 
solutions  (other  than  KCH)  of  h±gh~os  need  rat  ion,  strong  electrolytes  is 
also  suggested,  in  order  to  check  out  electrolyte  theory  in  this  rasped. 


,,  .  ii ii-  -  "• 


w*i  * rv*-  *-• 


It  seems  possible  that  a  good  deal  of  this  might  be  accomplished 
with  data  already  existing  is  the  literature. 


tinea t a  loo 

A  simple  technique  was  used  to  measure  the  volume  increase  of 
a  43$  solution  of  KOH  as  increasing  amounts  of  ZnO  were  added  at 
72°*.  A  500  c.c.  volumetric  flask  was  filled  to  the  calibration 
■ark  with  45$  KOH.  Weighed  amounts  of  ZnO  were  aided  and  when 
solution  was  complete,  the  increase  in  the  height  of  the  meniscus 
in  the  neck  of  the  flask  was  measured  with  a  centimeter  scale.  The 
internal  diameter  of  the  neck  of  the  flask  was  measured,  and  so, 
knowing  the  l.d.  and  the  inorease  in  height  of  the  liquid  level, 
the  volume  change  could  be  calculated.  The  results  are  shown  in 
Figure  40.  The  shape  of  the  curve  is  slightly  S-liks;  however,  a 
straight  line  waa  drawn  through  the  points  and  its  slope  *  20.9  c.c./ 
mole.  This  may  be  compared  with  14.86  c.c. /mole  calculated  from  the 
handbook  value  for  the  density  of  solid  ZnO.  Therefore,  the  oxide 
occupies  more  volume  when  dissolved  in  45$  KOH  at  room  temperature 
than  it  does  in  the  dense  solid  state. 

Treating  the  ZnO  as  a  dissolved  molecule  and  assuming  a  spheri¬ 
cal  configuration,  the  diameter  may  be  calculated . 

*  34.6  cubic  A0  »  volume/SnO  molecule 

r3  *  1  x  2AA.  *  8.25 

4  TI 

r  *  2,2  A0 
d  «  4.04  A0 

This  value  may  he  regarded  aa  a  valua  for  unionised  and  uahydrated 
ZnO.  However,  aa  Dirks**.  show  the  molecule  is  likely  to  exist 
aa  the  Zn(CH)£»2H20  ion  in  solutions  of  strongly  alkaline  KOH.  This 
is  equivalent  to  TnCfT'Afltf),  or  a  ZnOfc®  ico  with  4  waters  of  hydra¬ 
tion. 


1  *■' s 

‘V 


He  can  estimate  a  minimum  volume  for  in  t be  following 

way.  Froa  the  data  of  Figures  35  and  36  tho  volume  of  one  mole  of  bowad 
water  in  45£  KOH  nay  be  calculated  to  be  13.4  c.c.  per  sole.  Sext,  using 
the  value  of  14.36  c.c./mole  for  ZuO  in  the  solid  oryatal  and  adding  4  * 
13.4  *  53.6  o.e.,  we  obtain  68.5  o.O.  per  mole  for  Sn02**4%0  without 
accounting  for  the  extra  oxygon  ataa.  Then, 


68.5  x  102* 

6.023  x  10^3 


d* 


6  x  113.4 

TT 


113.4  oubie  Angstroms 
»  217 


6  Ac 


so  t  &  «<"<■"  dire  ns  ion  for  a  spherical  KnO^ASgO  ion  is  6  4°  diameter, 
which  la  not  very  different  froa  the  values  6.4  -  7.1  4°  calculated 
previously  for  hydrated  KCH  molecules.  While  6  4°  is  unquestionably 
slightly  too  small,  it  oould  be  concluded  that  the  construction  of  a 
separator  membrane  which  would  screen  out  sine  diffusion,  yet  allow  un¬ 
inhibited  diffusion  of  KOH,  is  simply  out  of  the  question  based  on  pore 
else  alone. 


However,  it  should  be  remembers d  that  the  diffusing  ■  locate  Ian  has 
to  drag  along  two  hydrated  X+  lens  with  it,  so  same  differential  oould  be 
involved.  This  can  be  estimated  using  the  value  of  80.6  o.e.  per  mole 
for  hydrated  KOH  previously  calculated.  Thus,  if  one-half  the  value  of 
00.6  is  assigned  to  a  hydrated  K*  loo,  then  the  total  volume  per  mole  for 
2  t*  ions  (hydrated)  and  Za02*»4H20  would  be  149.1  o.e.  per  mole.  Then, 


149.1  x  102* 
6,023  X  10^3 

d3  ,  L±w. 

U 

d  *  7.8  4° 


249  cubic  Inc  stroma 
»  475 
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This  ralus  still  doesn’t  appear  to  be  sufficiently  larger  than 
those  calculated  for  hydrated  KOH  to  attempt  to  meet  the  problem 
by  reduction  of  pore  size  in  separators. 

The  question  might  also  be  a«kedt  is  there  any  experimental 
wridence  bearing  on  the  situation  in  terms  of  relative  diffusion 
rates  through  membranes?  In  Table  5  of  APL-TER-64-25  (final  report 
on  Hr  Force  Contract  Sr.  sF33(6?7)-10643  ,  dated  1  August  1964) 
flux  rates  for  KOH  and  xincate  ion  diffusion  through  regular  pore 
sise  fibrous  sausage  casing  (RPS)  were  measured  to  be  1.1  x  10"3 
for  KOH  under  a  concentration  difference  of  12  M  and  4.0  x  10“6 
for  2n02=  for  a  concentration  difference  of  1.3  M  (in  45>6  KCH). 

Using  an  estimated  *~_rage  value  of  D  for  KOH  of  1 .4  x  10~5  cm2/ 
sec.  and  a  value  of  1,8  X  10“^  fcr  D  of  sirs  cate  ion  in  44S»  KOH, 
the  value  of  flux  far  KOH  sight  have  been  expected  to  be 

^5  X  =  72  times  that  for  *  locate  ion.  Thus,  4.0  X  IG-^  X  72  = 
288  X  10”6  2  0.3  x  10“3#  and  for  this  membrane  KOH  diffusion  was 
1. l/0.3  *  3.7  times  larger  than  expected  in  terms  of  our  previous 
conclusion  regarding  the  possibility  of  obtaining  screening  on  a 
pore  sise  basis.  This  could  mean  that  soma  screening  of  a  Locate 
ion  was  being  achieved.  Comparing  the  small  pore  sise  (SPS)  mem¬ 
brane  in  the  same  table  of  reference,  the  factor  was  0.75/0.22  * 

3.4,  which  represents  lees  screening  than  was  achieved  ty  the 
regular  pore  sise  material.  Going  on  down  the  table,  values  of 
the  screening  faotor  lying  between  1.3  and  4.6  (the  latter  for 
oontrol  fibrous  sausage  casing)  are  obtained.  For  the  best  of 
the  Eli  materials,  i.e.  2.2XH  (Table  6,  same  reference)  a  value 
of  3.2  for  the  screening  index  was  found.  These  data,  if  reli¬ 
able,  would  Indicate  same  hope  for  being  able  to  obtain  screening 
of  s locate  ien  through  pore  sise  reduction  in  spite  of  the  previous¬ 
ly  estimated  values  for  ionio  (molecular)  sizes. 

It  can  only  be  concluded  that  additional  inforsaition  is 
nocoesary,  either  by  way  of  preparation  of  smaller  pore  size 
membranes  or  by  way  o-*’  mors  refined  measurements  of  ionio  sizes, 
or  both. 
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While  no  experimental  work  baa  been  done  on  the  datarainaticn  of 
the  alae  of  soluble  silver  species,  acme  information  is  available. 

First  of  all,  negative  ions  do  not  vary  greatl/  in  tents  of  ionic 
dimensions*  an!,  furthermore,  if  the  soluble  silver  species  is  AgO”, 
it  should  have  a  smaller  hydration  sheath  than  the  doubly  charged  i in- 
oats  ion.  Fro®  the  experimental  point  of  view,  however,  in  the  Just-** 
mentioned  Tables  of  reference,  values  of  soluble  silver  flux  equivalent 
to  those  for  t locate  ion  were  measured.  On  this  basis,  it  is  concluded 
that  remarks  apropos  of  j locate  ion  diffusion  also  apply  to  diffusion 
of  the  soluble  silver  speoies. 

J.  Meabrans  Pore  31ia  Measurements  in  XOH 

This  work  is  just  getting  underway.  It  is  eexpected  to  be  done  by 
competitive  diffusion  rates  of  different  else  neutral  molecules  in  solu¬ 
tions  of  battery  strength  XOH.  The  first  step  is  to  find  some  neutral 
•oleculee  of  different  slsee  that  are  sufficiently  soluble  in  strong  XOH 
to  give  a  satisfactory  concentration  gradient,  that  are  stable  In  strong 
XOH,  and  that  are  not  adsorbed  in  the  separator  membranes, 

I.  Stoichiometric  Ratios  of  Formed  Zinc 

This  work  is  scheduled  to  start  in  the  first  quarter  of  the  second 

year. 


•See  Sterr.  ard  Iris,  "Icnio  3i*a«,"  Table  14,  p.  30,  Chem.  Rev.  £2, 
fab.  1959. 

See  also  Monk,  "Electrolytic  Dissociation,9  Table  14.4,  p.  271, 
Academia  Press,  Dev  Tork,  1961. 


L.  Alternate  Method  of  Surface  Area  Heaaureg-ant 


This  proposed  method  of  investigation  of  surface  area  of  *ino 
electrodes  is  baaed  on  the  fact  that  *ino  can  form  a  passive  layer 
on  discharge  because  a  ZnO  or  2n(0H)2  solid  product  can  be  formed 
film-vise  on  the  surface,  at  high  rates  of  discharge  and  lew  con¬ 
centrations  of  KOH  and  at  lev  temperatures,  much  faster  than  it 
#-will  go  into  solution.  C .  M .  Shepherd  (If aval  Research  Laborator¬ 
ies,  Onre ported  Work)  has  * beerved  discharge  voltages  as  high  as 
40  volts  on  passivating  vino  surfaces.  This  was  accompanied  by 
the  formation  of  a  bright  blue  color.  The  bright  blue  color  is 
frequently  observed  on  sine  electrodes  which  have  failed  on  cycle 
life  testing,  particularly  at  low  temperatures  (30-40°?.),  although 
it  ie  sometimes  observed  on  failed  tine  electrodes  from  cells 
cycled  at  roca  temperature. 

The  bright  blue  color  bespeaks  the  possibility  of  an  oxide 
film  thickness  which  could  he  of  the  order  of  500-700  A°  thick 
(Kuhasehewski  and  Hopkins,  “Oxidation  of  Metals  and  Alloys,"  see 
p.  100  et  sequo,  Buttervorth  Scientific  Publications,  London,  1953} 
see  also  the  dissuasion  by  V.  R.  Evana,  “Metallic  Corrosion,  Passi¬ 
vity  and  Protection*,  Arnold,  London,  1946). 

Because  of  the  thinness  of  these  passivating  films  an!  their 
constant  value  as  indicated  by  color,  the  amount  of  current  that 
is  passed  in  order  to  achieve  passivation  should  be  descriptive 
of  the  surface  area  even  on  rough  surfaces  and  porous  electrodes 
provided  particle  else  of  the  metallio  sine  is  several  orders  of 
magnitude  greater  than  the  thickness  of  the  passivating  film. 

Thus,  one  could,  for  example,  measure  the  time  to  passivation 
over  a  range  of  high  current  densities  on  f  at  sheet  sine  and 
determine  film  thickness  from  the  number  of  eoulcebs  passed. 

Then,  at  the  same  electrolyte  concentration  and  temperature,  the 
current  at  which  passivation  occurs  for  a  porous  electrode  for 
the  same  time  interval  would  be  found.  Assuming  a  surface  rough¬ 
ness  factor  of  one  for  the  flat  sine  sheet,  the  surface  area  of 
the  porous  electrode  would  correspond  to  the  ratio  of  current 
values  necessary  to  achieve  passivation  at  the  sane  value  of  time. 


It  la  interesting  that  thla  method  has  been  uned  recently  by  I,  A. 
Butler  and  1.  D.  Blackha*  (Final  report  on  J7L  Contract  Ho.  951554, 
Contract  HAS 7-100),  •Studies  of  Reaction  Geometry  la  Oxidation  and  Re¬ 
duction  of  the  Alkaline  Silrer  Electrode, ■  Section  H,  April  10,  1967j 
see  also  J.  A.  Allan,  Trans.  Far.  Soc,  42  >  273,  1952)  to  determine  the 
surface  area  of  sintered  silver  electrodes. 

On  this  program,  work  on  the  elno  electrode  has  Just  been  started 
by  T.  P.  Dirkse  at  Calvin  College.  The  following  surface  treatment  of 
sheet  slno  electrodes  was  used  for  99.9991  sine.  They  were  degreased 
In  ethylene  dichloride,  given  a  slight  atch  in  dilute  XI,  rinsed  thor¬ 
oughly  and  dried.  Hext  they  were  painted  with  a  polystyrene  cement  to 
expose  an  area  i*  x  i*  to  the  electrolyte.  Just  before  use  the  slno  sur¬ 
face  was  rubbed  with  a  fine  (3/0)  silicon  carbide  paper  and  rinsed  with 
distilled  water.  They  were  then  placed  in  a  10$  EOH  bath  at  room  temper¬ 
ature,  soaked  for  five  Minutes,  and  discharged  over  a  range  of  currents 
against  working  charged  nickel  oxide  electrodes .  The  -ange  of  currents 
was  selected  to  obtain  voltage  drop  to  sero  volts  in  10  seconds  or  less. 
Analgaaated  zinc  electrodes  were  also  run.  Amalgamation  was  accomplished 
by  dipping  each  sine  electrode  in  a  solution  containing  50  ga/l.  of  HgCl2 
and  thoroughly  rinsing  with  water. 

A  mmam-Tj  of  the  results  Js  given  in  Figure  41.  The  data  indicate 
that  there  is  not  any  appreciable  difference  between  the  plain  and  the 
aaalgaoated  sine.  From  the  data  of  Figure  41  •  plot  of  time-to- 
passivation  vs.  current  can  be  nede  a*  in  Figure  42.  From  both  figures, 
it  is  evident  that  as  current  decreases,  the  rraaber  of  oouloabs  of  zinc 
used  Increases,  consequently  some  film  solution  is  indicated,  if  the  dis¬ 
charge  process  is  formation  of  a  2to0  or  2n(0H)2  file  followed  by  solution. 

Taking  the  4  second  data  ft  cm  Figure  41  it  is  seen  that  1.06  coulombs 
hare  been  passed.  Using  Faraday' s  law, 

W2n  *  *  10~*  ***  cf  *a 

ver«  reacted.  Asauaing  a  surface  roughness  factor  of  one,  this  would  mean 


that  the  fallowing  thickness  of  sino  ht.s  reacted i 


t 


3.66  x  1Q-* 
7.14  x  i.6l 


0.313  x  1<T*  *»  3130  A0 


Due  to  the  roughening  treatment  given  the  sample  wil.  the  silicon 
earbide  paper,  the  roughness  factor  is  onkaown.  If  the  roughness 
factor  were  as  large  (say)  aa  10,  than  the  thickness  of  sine 
reacted  could  be  as  email  as  313  A0. 

After  establishing  the  calibration  curve  for  aheet  *ino 
some  Delco-Reray  negatires  were  run  which  had  a  geometric  area 
of  £*  X  t*.  The  results  were  as  shown  in  Table  H. 


TABLE  H 

Passivation  Times  for  Porous  Electrodes 


Electrode 

# 

Current 

(amperes) 

Time 

(seconds) 

Coulombw 
(ampere-seconds ) 

1 

2*4 

4.0 

9.6 

2 

1.8 

5.2 

9.4 

3 

1.8 

7.2 

13.0 

4 

2.1 

8.1 

17.0 

Comparing  these  with  the  sino  sheet  lata  from  figure  42,  the  rela¬ 
tive  current  values  indicate  surface  areas  of*  8.9,  7.2,  8.1  and 
9.9  times  the  surface  area  of  the  sheet  sine  electrodes,  for  elec¬ 
trodes  numbers  1  through  4,  respectively. 

If  the  roughness  factor  of  the  sheet  sine  electrode  were  (say) 
10,  then  the  surface  areas  would  be  calculated  to  be  99,  72,  81  aid 
99.  A  C.25  sq.in.  section  of  a  Delco-Runy  negative  contains  0,4 
gm.  of  jinc  in  the  fully-formed  condition,  so  a  surface  area  of 
around  200  sq.cm,  per  gram  of  sine  would  be  estiaated  from  theee 
data. 
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It  should  be  recognised,  however,  at  this  point  la  the  experimental 
program  that  all  these  data  ara  illustrative  only.  Tha  uncertainty  in 
tba  roughness  factor  of  tha  shaat  jino  is  high.  Tha  aharp  slop#  of  tba 
increase  in  tha  coul crabs  pas sad  vs .  current  is  a  good  indicator  that  tha 
technique  for  establishing  passivity  on  tha  sheet  sine  alactrodas  needs 
to  bt  examined  in  anra  dilute  electrolytes  and  at  lower  temperature#  in 
order  to  induce  a  lower  aoluhility  rata  of  tha  sino  oxide  formed  on  dis¬ 
charge.  Hydrogen  gassing  on  the  sino  eurfaoe  before  the  discharge  (i.a. 
cathodic  preelectrolysis)  should  be  examined  as  a  means  of  surface  reduc¬ 
tion  of  any  oxides  whiob  night  be  existing  on  tha  surface.  It  ia  planned 
to  oontinue  this  work  in  order  w*i  be  able  to  achieve  a  realistic  eatlmta 
of  surface  area  of  porous  sine  plates.  The  primary  objective  is  to  use 
the  technique  as  a  tool  in  failure  examination  work)  however,  it  could  be 
useful  In  relating  capacity  to  particle  else  and  surface  area  in  the  in¬ 
terest  of  designing  for  high  initial  oapaoitlea. 

M.  Separator  Development 

i'ae  First  Quarterly  Report  from  RAJ  Research  Corporation  is  attached. 


I.  Ileatrolytea 

A  study  of  electrolyte  mixtures,  using  percentages  of  45 %  and  50$  KOH 
and  45$  BaOH  in  addition  to  varying  layers  of  separator  material,  was 
accomplished. 

Table  Z  shove  the  cell  construction  cycle  data  and  failure  analysis 
of  scoe  60  cells  tested.  The  best  combination  was  one  layer  of  acryloni¬ 
trile  monomer  and  four  layers  o?  oellulosio  meobrane  In  50$  ZOH  yielding 
a  cycle  life  of  220  cycles.  Additional  work  is  planned  in  which  strongly 
basic  tertiary  amino  hydroxides  will  be  used  as  electrolytes. 

The  mixtures  of  IOH  ard  BaOH  were  tried  out  because  previous  exp*r- 
ienoe  at  lever  d*ptha-of -discharge  (25$  and  40$)  bed  shown  that  NaOH  in¬ 
creased  cycle  life  over  equivalent  weight  concentration#  of  KOH,  The 
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HaOB-oemUining  electrolytes  Juit  could  uct  support  tfa •  riUi  of  charge 
neoeesary  on  the  2-hour  cycle  regimen  at  60$  depth-cf-discharge.  Charge 
roltagee  vent  way  upj  the  eelle  heated  up,  and  gassing  re rul ted  indicat¬ 
ing  inefficiency  of  charge. 

0,  Factore  Controlling  Zinc  Particle  Sire  Growth 

The  original  work  plan  called  for  examination  of  the  influence  of  the 
following  factore  on  sine  particle  size  growth  in  cycling  cellei 
Current  deneity  and  time 
Mechanical  harriers 
Surfactants 

Initial  ZnO  particle  else  and  shape 
Overgrowth  sites 

Combinations  of  the  preceding  factors. 

Photomicrographs  have  been  mads  of  all  variations  of  sine  plates 
tested  on  this  program,  or  are  in  process  of  being  made.  It  is  recalled 
that  the  reason  far  this  portion  of  the  program  was  the  remarkable  effect 
of  the  Emulpbogene  BC-610  in  keeping  the  sine  particle  size  small  and 
disperse  in  comparison  with  the  2 $  TV l  as  evidenced  by  Figures  47  through 
51  in  A7 APL-TR-66-79 .  In  the  current  program  it  should  be  remembered 
that  0.5$  BC-610  has  been  used  in  all  negative  plate  formulations,  except 
thoae  where  the  surfaotant  itself  is  under  study.  As  a  consequence  it  is 
to  be  expected  that  fineness  of  pertlole  sise  and  dlsperslty  will  be  at 
least  equivalent  to  that  of  the  oontrol  cells  containing  0.5$  BC-610,  un¬ 
less  some  factor  resulting  from  a  variation  under  study  were,  actually, 
to  increase  the  pertlole  size.  Another  consideration  is  the  fact  that, 
in  the  first  year  of  this  program,  no  variation  has  been  found  which  ex¬ 
tends  life  of  the  cell  beycaad  that  obtained  with  the  use  of  0.5$  BC-610 
and  X«dax-15.  Eadox-15  has  a  particle  size  of  0.11  and  so  far  under 
the  current  program,  only  two  materials  have  been  tasted  which  have  a 
finer  particle  else,  i.e.  the  high  surface  area  wet  process  materials 
243-63-1  (0.031  ji)  and  243-67-2  (O.C25  ^ )  <•  The  point  being  driven  at  here 
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la  this  i  that  use  of  tha  BC-610  and  tha  Kadccc-15  nay  have  extended 
cycle  life  to  tha  point  wbara  partiola  alsa  and  d leper sity  no  Ion get 
control  life,  i.e.  another  factor  now  needs  to  ha  controlled.  Tha 
faotor  of  concern  ia  believed  to  be  the  loss  of  negative  active  Mate¬ 
rial  from  around  the  edges  and  at  tha  top  of  the  plate.  Zt  is  speci¬ 
fically  noted  that  this  does  not  represent  any  appreciable  loss  of 
weight  of  aotive  material,  but  it  does  represent  a  redistribution  of 
the  aotive  material  on  the  plate.  Tha  result  of  this  redistribution 
is,  affectively,  to  almost  double  tha  ourrent  density  to  the  active 
material,  based  on  the  geometric  area  (i.a.  not  necessarily  true  cur¬ 
rant  density  based  on  active  material  true  surfaoe  area).  Neverthe¬ 
less,  doubling  the  current  density  on  the  basis  of  the  geoaetrio  area 
might  almost  double  the  IR  loss  through  the  separator  causing  a  drop 
in  voltage  which  would  contribute  to  shortened  life.  However,  the 
aotive  material  photomicrographs  may  be  examined  for  particle  else 
end  dlspersity  effects. 

The  effects  of  ourrent  density,  time  and  temperature  will  be 
determined  in  conjunction  with  the  studies  on  stoichiometric  ratios 
of  formed  sine,  scheduled  for  investigation  during  the  second  year. 

Host  of  the  photoniorographe  shown  in  this  report  are  concerned 
with  the  use  of  mechanical  barriers  to  agglomeration  (Figures  1 
through  18).  ill  these  may  be  compared  to  Figure  1  which  shows  the 
control  plate  containing  0.551  BC-610  from  a  cell  which  felled  at  140 
cycles .  Figures  2,  3  and  4  for  the  asbestos  fiber  additions  show 
that  particle  size  euod  agglomeration  are,  indeed,  reduced  for  an 
equivalent  number  of  oyclee  (134).  Asbestos  is  a  magneaiua  silicate 
and  it  tends  to  die solve  and  gelatinise  in  strong  JCOH,  which  may  havs 
been  the  reason  it  interfered  so  badly  with  the  formation  process, 
even  in  concentrations  as  low  as  5%  by  weight  in  the  plates.  At  any 
rate  it  did  not  increase  cycle  life. 

The  shredded  sausage  casing  (Figures  5,  6,  7  and  18)  also  kept 
the  zinc  from  agglomerating,  but  the  photomicrographs  show  large 
void  areas,  probably  due  to  the  gradual  dissolution  of  the  material. 
Zxaept  in  very  large  quantities  (30J6  by  weight,  Figure  18,  Table  I), 
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it  did  not  prevent  shedding  around  the  top  aid  aides.  The  large  void 
spaces  might  be  expeoted  to  result  in  loss  of  contact  of  the  aetalllo 
sino  resulting  in  loss  of  oapacity  also,  it  any  rate,  its  use  didn't 
increase  cycle  life. 

The  fact  that  the  30 %  by  weight  sample  prerented  shedding  almost 
completely  brings  up  another  point  for  discussion.  Unless  relatively 
little  (say  5£~10£  or  Isas)  of  the  organlo  fibers  turn  out  to  be  useful 
in  extending  cycle  life,  their  practical  effect  is  to  increase  the  plate 
volume  considerably  because  of  their  low  density,  which  would  mean  a  re¬ 
duction  iu  the  volume  performance.  Moreover,  because  of  sheer  bulk  their 
use  could  result  in  loss  of  metalllo  sine  contact  and  consequent  reduction 

in  performance.  Thus,  at  30 $  by  weight,  the  shredded  sausage  easing  i 

\ 

yielded  only  21  a.h.  on  the  initial  capacity  test  and  gave  only  300  oyolas  j 

(at  40£  depth* of -discharge)  in  spite  of  the  fact  that  shedding  was  pre-  J 

▼anted. 

The  effects  of  metallic  sino  additions  to  the  original  formulation 
are  shown  in  Figures  8,  9  and  10.  The  state  of  agglomeration  of  the  5 % 
sample  (Figure  8)  looks  very  much  like  that  for  the  oontrol  coll  (Figure 
1)  allowing  for  the  difference  in  magnification,  and  the  5%  addition  may 
have  provided  a  alight  increase  in  cycle  life.  This  material  (#1208  sino 
metal),  while  elongated  in  shape,  is  more  nodular  than  fibrous.  The  use 
of  fibrous  sino  should  probably  be  reinvestigated  if  a  source  of  real 
fibers  can  be  obtained. 

The  ligno sulfonic  acid  additions  are  interesting.  Their  photomicro¬ 
graphs  are  shown  in  Figures  11,  12  and  13.  Figure  14  shows  a  control 
plate  also  at  200Z  magnification  for  comparison.  This  material  did  not 
prevent  agglomeration j  in  faot  it  is  much  more  advanced  for  equivalent 
numbers  of  cycles  (compare  Figures  12  and  14).  In  spite  of  this  the  1.2% 
lignosulfonio  add  additions  yielded  slightly  better  cycle  life  than  the 
ooatrols  (cells  132  through  137  vs.  cells  123,  124  and  125,  Table  I). 

This  additive  should  be  reinvestigated  both  by  itself  and  in  combination  j 

with  varied  amounts  of  tha  BC-610.  I 

1 

I 

Of  all  the  materials  trite,  out  as  meohanical  barriers  to  agglomera¬ 
tion,  the  one  that  worked  beat  was  the  cotton  fibers.  Photomicrographs 
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are  shown  in  Figures  15,  16  and  17.  These  are  at  the  10CX  aagnifica- 
tion  and  cay  be  compared  with  Figure  1.  On#  percent  of  thla  material 
(Figure  15}  ia  auffieiest  to  keep  the  natallio  tine  in  a  nry  finely 
divided  atate  and  while  these  oells  yielded  only  144  cycles  (Table  I, 
cells  163  through  167),  they  averaged  better  than  their  controls 
(cells  168  through  173}  which  gave  an  average  of  122  cycles.  It  is 
planned  to  reinvestigate  this  material . 

The  Avlcel  photomicrographs  are  not  yet  available. 

As  far  as  the  surfactant  series  is  concerned,  i.e.  BC-420,  BC- 
6l0,  BC-720  and  BC-840,  photomicrographs  for  which  are  shown  in  Fig¬ 
ures  19  through  25  (Figure  25  is  for  a  0.5)1  BG-610  control),  the  Mo¬ 
tions  taken  show  such  large  void  spaces  that  little  comparison  can 
be  made  of  their  possible  effects  on  partiole  siae  control.  At  any 
rate  cell  life  ia  poorer  for  the  BC-720  and  BC-840  than  for  the  con¬ 
trols.  The  BC-420  gives  call  life  equivalent  to  that  for  the  BC-610. 
(See  Table  21,  cells  91  through  120).  The  BC-420  and  the  BC-610  sees 
to  be  equivalent,  (BC-840  has  also  bean  shows  to  be  inferior  to  BC- 
610  at  40$  depth-of -discharge,  previously  (AFAPL-TR -66-79,  Table  11, 
p.  49).  On  the  basis  of  these  data,  the  use  of  either  BC-420  or  BC- 
610  oould  be  recommended.  No  further  work  is  planned  and  0.5$  BC- 
610  will  continue  tc  be  used  in  the  standard  plate  formulation. 

Figures  26  through  31  show  photomicrographs  of  failed  sire 
plates  at  several  concentrations  of  BC-610  tested  at  40°F.  and  100°?. 
These  are  at  20GX  magnification  and  nay  be  compared  with  Figure  14. 

Figures  32,  33  and  34  show  photomicrographs  for  concentrations 
of  0.1 ,  0.6  and  1$  of  the  anionic  surfactant  FC-95.  These  ere  at 
20GS  also  and  are  to  he  compared  with  Figure  14.  Partiole  else 
seems  to  be  about  the  same  as  in  7J.  ure  14,  although  particles  are 
more  disperse  for  the  FC-95.  More  work  over  broader  concentration 
ranges  and  at  different  temperatures  is  planned  for  this  material 
and  for  companion  anionio  and  cationic  materials  from  tbs  same 
manufacturer. 


Yho  photonic  rofraphio  information  on  the  influence  of  the  2 tC 
morphology,  particle  aiae,  eto.  are  not  presented  in  this  report  b»~ 
cause  all  the  samples  hare  not  yet  been  tested  and  «li~ phoVraicro- 
greph*  are  not  yet  available. 

Photonic ro graphs  are  not  yet  available  for  the  experimental  work 
on  the  CaO  additions,  nor  has  any  work  been  done  on  combinations  of  the 
three  factors »  mechanical  barriers,  sites  for  overgrowths,  and  surfac¬ 
tants.  Combinations  on  mechanical  barriers  and  0.52  BC-610  hare  been 
presented  above. 


III.  General  Discussion 


l 
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i 

f. 


1 
t 

Ac  a  prelude  to  examination  of  the  effects  on  cycle  life  of  the 
several  variations  Incorporated  in  the  negative  plate  during  this  program, 
consideration  should  he  given  to  the  pure  effect  of  the  depth-of -discharge 
factor.  That  is  to  say,  the  question  should  be  as  iced t  what  actual  capaci¬ 
ties  are  available  from  these  nominal  25  a.h.  cells  at  various  rates  of 
discharge  for  the  cell  design  concerned?  Reduction  in  capacity  as  a  func¬ 
tion  of  discharge  rate  is  expected  for  any  electrochemical  cell  and  it  aay 
vary  as  a  function  of  cell  design.  In  order  to  determine  this  for  the  15- 
plate,  4-layer  disking,  0.5?  BC-610, cells  were  discharged  at  25  and  50 
amperes  and  found  to  have  capacities  of  19.0  and  15.0  a.h.,  respectively. 
The  average  of  all  the  control  cells  run  on  this  program  to  date  is  26.7 
a.h.  at  the  15-cmpere  rate.  On  the  basis  of  these  data,  Table  II  was  con¬ 
structed. 


table  xi 

Capacity  Available  at  Cycle-Life  Test  Rates 


Depth-of -Discharge 
(?  of  Nominal 
Capacity*) 

Required 

Depth-of -Discharge 
a.h. 

Required  Rate  on  2- 
Etour  Cycle  (35-min. 
discharge)  amperes 

Capacity 
Available  at 
Cycle-Life 
Test  Rates 

a.h. 

100 

25 

43 

15.5 

80 

20 

34.3 

17 

70 

17.5 

29.8 

18 

60 

15 

25.8 

19 

40 

10 

17.2 

23 

25 

6.25 

10.7 

31 

•Nominal  Capacity  s*  25  ampere-hours  at  15 -ampere  rate. 

On  the  basis  of  the  data  rf  Table  II  it  is  apparent  that  this  cell  design 
would  not  be  able  to  cycle  at  all  on  the  2-hour  regimen  at  deptb-of -discharges 
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ip  err  iU’if*: 
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of  100JC  or  i0%3  because  it  does  not  bar*  sufficient  capacity  at  tha  required 
taat  rata  of  discharge.  t 

from  Table  II  we  nay  construct  another  table  relating  the  allowable 
capacity  lose  before  failure  from  the  data  in  celuana  2  and  I  of  the  table 
for  depth-of -discharges  of  70%  or  less.  This  is  shown  in  Table  HI. 

TABIE  III 

Allowable  Capacity  Loss  Before  failure  Related  to  jt  POP 


%  DO D 

Allowable  Capacity 

Loss  Until  failure 
a.h 

Expected 
Cycle  Life 

70 

0.5 

28 

60 

4 

226 

40 

13 

735 

25 

24.7 

1400* 

•Actual  cycle  life  from  data  of  Table  12,  AFAPL-TR-66-79. 


How,  assuming  that  there  is  a  direct  ratio  between  the  allowable  capacity 
loss  until  failure  and  the  actual  cycle  life,  data  for  expeoted  cycle  life  as 
a  function  of  DCD  may  be  calculated,  as  in  the  third  eolnan  of  the  table.  The 
actual  cycle  life  at  25%  DCD  was  used  to  estimate  expeoted  cycle  life  at  the 
higher  depths-of -discharge.  An  actual  cycle  life  of  6C0  cycles  at  4(#  DOD 
for  negative  plates  with  0.5 %  BC-610  Emulphogene  additions  may  be  compared 
with  the  value  of  735  from  the  table.  (See  Table  11,  AFAPL-TR-6&-79 . )  The 
average  cycle  lifo  of  33  control  colls  on  this  program,  so  far,  is  164  +  36 
cycles  with  some  groups  going  over  200  cycles.  This  nay  be  compared  with  the 
value  of  226  cycles  in  Table  XII. 

In  estimating  the  expected  cycle  life  as  a  function  of  depth-of-discharge 
and  the  allowable  capacity  loss,  it  is  obvious  that  the  condition  of  the  neg¬ 
ative  plate  will  be  much  better  at  the  eni  of  life  at  (C%  depth-of-dia charge 


than  it  is  at  40£  depth-of-discharge  an  io  on.  This  is  evident  frca 
the  fact  that  if  the  depth-of-discharge  is  reduced  after  failure  at  6ojC, 
the  call  will  continue  to  cycle. 

The  point  of  this  discussion  is  thiss  during  the  first  year  of  this 
program  we  have  been  looking  very  intensively  at  the  effects  of  the  sever¬ 
al  variations  on  agglomeration  and  diaperaity  of  the  active  material. 

This  was  a  natural  aequitur  to  the  discovery  that  cycle  life  could  nearly 
double  with  the  use  of  Emulphogene  BC-610  and  that  thia  resulted  from  re¬ 
duction  of  the  rate  of  agglomeration  ( i?APL-TR -66-79 ,  Table  11  and  Figures 
47  through  51)#  and  the  maintenance  of  diaperaity  of  the  metallic  sine. 

It  seems  possible#  Judging  from  the  photomicrographs,  that  e**n  at  60^ 
depth-of -discharge  there  is  sufficient  true  surface  area  (i.e.  lack  of 
agglomeration  or  particle  size  growth)  to  support  the  discharge  and  that 
loss  of  active  material  around  the  top  and  sides  of  the  plate  may  have 
been  a  predominant  factor  in  determining  life.  (Aetually,  true  surface 
area  of  the  available  sine  needs  to  be  measured  to  support  this  possible 
conclusion. ) 

Several  other  possible  effects  can  bo  thought  of  that  could  come  into 
play  in  shortening  life:  one,  the  loss  of  small  amounts  of  active  material 
wouJi  be  more  serious  in  reducing  life  at  the  higher  depths-of -discharge; 
two,  the  loss  in  geooetrio  area  of  the  active  material  would  he  more 
serious,  due  to  increased  IR  losses;  and  three,  if  availability  of  elec¬ 
trolyte  is  a  controlling  factor  in  determining  capacity  (as  could  be  the 
case  based  on  the  information  in  NARMCO' a  report  attached),  then  the  re¬ 
duced  geometric  area  might  mean  that  the  electrolyte  at  the  top  and  the 
sides  is  not  available  for  reaction,  and,  moreover,  the  change  in  the  elec¬ 
trolyte  concentration  due  to  inhibition  of  diffixsion  by  the  separator 
would  be  more  serious,  due  to  the  increase  in  geometric  current  density 
and  the  reduced  geometric  area. 

If  these  effects  are  d emir*. ting  factors  in  determining  cycle  life, 
there  are  two  obvious  ways  to  go  in  order  to  alleviate  the  situation. 

One  way  is  to  find  the  cause  for  the  rearrangement  of  the  active  material 
from  the  tope  and  sides  to  the  center  and  bottom  of  the  plate  and  see  what 


can  ba  done  about  it.  In  a  very  interesting  study  made  recently  (J.  Mc3reen 
and  G.  A.  Dalin,  "The  Mechanism  of  2inc  Shape  Change  in  Secondary  Batteries," 
Extended  Abstracts  cf  the  Battery  Division  of  the  Electrochemical  Society  - 
Fall  Meeting,  Philadelphia,  1966,  p.  123),  gravitational  effects,  "washing" 
caused  by  rise  and  fall  of  the  electrolyte  in  the  negative  plate  ccmpartoent, 
and  cell  case  taper  were  ruled  out  as  possible  causes.  The  second  way  to  go 
is  to  provide  a  separator  which  will  reduce  the  extent  of  electrolyte  concen¬ 
tration  change,  and,  perhaps  provide  a  higher  energy  yield  in  the  equivalent 
cell  volume . 

It  might  have  been  expected  that  some  of  the  mechanical  barriers  tested 
under  this  program  would  have  reduced  the  rate  of  change  of  the  geometric  area, 
if  washing  and  gravitational  effects  were  at  play,  so  these  results  substan¬ 
tiate  those  of  McBreen  and  Dalin.  Of  the  several  investigated,  onl.'  the  cotton 
fibers  seemed  to  have  any  effeot,  so  investigation  of  this  material  will  be 
continued.  Cotton  fiber  should  withstand  chemical  attack  in  the  KOH  much 
better  than  its  regenerated  cellulose  counterpart,  i.e.  fibrous  sausage  casing, 
or  cellophane,  because  of  its  much  higher  molecular  weight.  The  molecular 
weight  of  cotton  fibers  is  probably  of  the  order  of  600,000,  containing  3CC0  - 
3500  anhydroglucose  ur Its  ("Cellulose  and  Cellulose  Derivatives,"  Part  I,  2nd 
Ed.,  edited  by  E.  Ott,  H.  M.  Spurlin  and  M.  W.  Grafflin,  p.  53,  Interscience 
Publishers,  Inc.,  New  York).  The  process  of  making  cellophane  involves  reduc¬ 
tion  in  molecular  weight  to  achieve  processability,  i.e.  the  shredded  sausage 
casing  fibers  should  be  more  readily  amenable  to  attack  in  the  environment 
which  should  result  in  more  rapid  loss  of  any  possible  effect  they  might  exert 
as  mechanical  barrieis. 

Based  on  the  predominance  of  short-circuiting  failures  when  only  three 
layers  of  fibrous  sausage  casing  veia  used,  and  the  low  cycle  life  resulting 
(around  110  -  120  cycles,  see  Table  II),  four  layers  of  fibrcuo  sausage  casing 
will  he  continued  in  use  for  standard  construction  in  order  to  insure  jjinc 
plate  failure,  until  a  better  separator  material  is  found. 

The  use  of  jinc  fibers  will  be  reinvestigated. 

The  lignosulfonic  acid,  in  vir-v  of  the  fact  that  it  did  not  prevent  a inc 
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pnrtJcIo  aize  growth  but  y.-t  yielded  good  cycle  lif»,  will  be  continued 
to  to  investigated  because  it  appears  to  function  differently  than  the 
other  surface  active  agents  such  as  the  Emulphogenes  end  the  PC -95*  The 
?C-9>  o'A  similar  surface  active  agents  will  be  investigated  because  it 
appears  to  function  at  least  as  well  as  the  Sr.ulphogenos,  30  the  pea  Sibil- 
it/  exists  that  a  better  surfactant  of  this  class  could  be  found.  The 
PC -95  will  be  investigated  at  30  -  Iff*? .  and  ICO0?,  to  determine  whether 
It  night  function  better  than  Esiulphogone  BG-610  at  these  temperatures. 

Tests  of  several  of  the  alcohols,  for  example  the  best  (ethanol) 
and  the  worst  (propanol)  will  be  refloated  because  these  groups  of  cello 
did  not  get  sufficient  overcharge  to  keep  the  sine  plate  in  a  charged  con¬ 
dition.  The.se  tests  will  be  run  along  with  these  on  the  series  of  carbc- 
waxes  of  varying  molecular  weight,  which  are  scheduled  for  early  test  in 
the  second  year  program. 

Discussion  of  the  possible  effects  of  the  2n0  variations  will  be 
•withheld  until  all  variations  have  been  tested. 

The  use  of  XX-601  in  combination  with  X ad ox-1 5  will  be  reinvestigated 
because  the  cells  tested  on  this  program  failed  due  to  undercharge  (Table 
17) .  XX -c 02  will  also  be  checked  out  because  it  is  the  most  acicular  of 
the  oxides  available  for  test,  i.e.  it  has  the  longest  needles  (see  Fig. 
45,  /JAPL-TR-66-79) . 

Use  of  the  ZnfC^  admixture  will  be  reexamined  because  5 %  additions  of 
this  material  appear  to  give  good  results  at  rocsn  temperature, in  combine- 
t i on  wi th  cotton  f i be r3 . 


17 ,  R«c'':'jrau. !;.t '  ,r.i 

The  nc3t  urqert  and  errplntie  rc-rc-n^nrintion  that  can  be  made  aa  a  re- 
3 alt  of  this  work  i3  that  ovary  effort  bo  -ado  to  determine  the  cau3e  of 
loss  of  material  around  tho  sides  and  edges  of  the  plates,  because  this  re¬ 
sult  ge*-3  to  be  tho  anjor  contributln  '  factor  to  loss  of  capacity  83  cycling 
progresses .  If  this  is  true,  it  is  quite  possible  that  adequate  testing  of 
the  variations  checked  out  so  far  r/iv  r.ot  have  been  achieved.  Conversely, 
however,  it  car.  al;o  be  said  that,  with  the  execution  of  the  cotton  fibers, 
none  of  the  variations  tested  was  effective  in  slowing  down  loss  of  material 
around  the  top  ar/i  aides. 

In  addition  to  the  secorvi  year  work  plan  already  laid  out,  the  re invest¬ 
igations  called  for  above  are  rscrrr-erded , 
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Fig-are  13.  Negative  Plate  Containing  2^  LSA  at  144  Cycle 


Plate  Containing  l£  Cotton  Fibers  at  144 
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'igure  21.  Negative  Plate  Containing  .15*  BC-720  at  120  C7cles.  20QX 
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Figure  27.  Negative  Plate  Containing  .6$  BC-610  at  52  Cycles  at  40°F.  2CX!X 
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Figure  33.  Negative  Plate  Containing  M  FC-95  at  152  Cycles.  200X. 
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*'  Figure  34.  Negative  Plate  Containing  1%  FC-95  at  163  Cycles 
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Molality  of  XOH 


Figure  35 


.  Volume  78.  Molality  FCH  Solutions  at  68  F 
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Figure  41 
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A  LITERATURE  SURVEY  OS  THE  S0LU3ILITT 
OF  EnO  IH  OTHER  DIVALENT  METAL  OXIDES 
A8D  OF  in (OH) 2  IN  OTHER  DIVALENT  METAL 
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la  Che  search  for  s  possible  host  lattice  for  ZnO  aad  Za(CH>2,  the  only 

compounds  considered  are  those  containing  a  divalent  cation.  This  limitation 

immediately  eliminates  compounds  cf  the  alkali  metals,  lanthanides,  actinides, 

and  other  metals  which  do  not  normally  show  the  rZ  oxidation  state. 

The  compound  ZnO  has  a  hexagonal  (Wurt2ite)  lattice  with  the  following 

o  0  (1> 

cell  parameters,  a  -  3.24  A,  c  -  5.19  A  .  Among  the  commonly  occurring 

metal  oxides  only  beryllium  oxide,  BeO,  has  a  hexagonal  structure.  Its  lattice 

parameters  are:  a  -  2.69  X,  c  ■  4.3  X  Even  though  the  difference 

between  these  sets  of  parameters  is  somewhat  greater  than  15X,  BeO  and  ZnO  do 

appear  to  form  a  solid  solution  on  which  conductivity  and  X-ray  diffraction 

f3) 

measurements  wera  made  .  Ho  other  information  on  phase  relationships 
between  BeO  and  ZnO  la  available  in  tha  literature. 

Dladochy,  rather  chan  isotorphlam,  ia  tha  primary  criterion  In  solid 
solution  formation,  so  that  a  hexagonal  compound  ssy  fora  a  solid  solution  with 
a  non-hexagonal  one  if  tha  ionic  sixes  era  correct Substitution  of  one 
cation  for  another  in  a  particular  lattice  is  often  poarible  if  the  difference 
in  the  ionic  sizes  is  less  then  about  15Z.  Using  this  criterion  and  Pauling's 


1.  C.  W.  Bunn,  Pr .  p'erys ,  S  ic . .  4^7 ,  835  (1935). 

2.  W.  M.  Lehman  aad  M.  Haase,  Z.  Erytt..  65,  537  (1927) . 

3.  I.  D.  Tretyak  and  H.  A.  Hachik,  Pltannya  Fix.  Tverd.  Tlla  L'vlvs'V.  Derrh. 
Unlv. .  1964,  80  (Ukraia). 

C.  A..  62=  I2560f 

4.  3.  Mason,  Principles  of  Geochemistry ,  2nd  *d.,  J.  Wiley  end  Sons,  Inc., 
New  York,  l°58,  p.  85. 
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e*plricai  value*  for  crystal  radii 
ozida  structures: 


the  following  ions  may  be  diadochic  ia 


<5) 


Zn 

0.74  i 

Mn 

0.80  A 

Co 

0.74 

Cr 

0.84 

Hi 

0.72 

Pd 

0.86 

Fe 

0.76 

Cu 

0.69 

this  la  born  out  also  by  the  fact  that  in  ainerals  the  Zn  ion  is  often  replaced 
by  Mn,  Fe,  Co,  or  Cu. 

The  crystal  structures  and  cell  parameters  of  the  oxides  of  these 
aetala  are  as  follows: 

CrO  ,  probably  cubic,  parameters  not  determined ^ 

HnO  ,  cubic,  a  •  4.47  X 

FeO  ,  cubic,  a  «  4.27  A  (8) 

CoO  ,  cubic,  a  •  4.23  A  ^ 

Hit  ,  cubic,  a  *  4.17  1 

CuO  ,  Monoclinic,  a  -  4.65,  b  -  3.41,  c  -  3.11  A,  8  -  99°29’  £5 6 7 8 9 * ll) 

PdO  ,  tetragonal,  a  ■  3.02,  c  •  5.31  X 

5.  L.  Pauling.  The  Kature  of  the  Chemical  Bond,  3rd  *d.,  Cornell  University 
Press,  Ithaca,  N.  T.,  1960,  p.  518. 

6.  B.  Lux,  L.  Eberle,  and  D.  Sarre,  Ber. .  97  (2),  503  (1964). 

7.  H.  0 ft,  Z.  Kriat,.  63,  222  (1926). 

8.  V.  M.  Goldschmidt,  Zet^,  60,  1285  (1927). 

9.  H.  P.  Walsalay,  Phil.  Mag,.  I,  1101  (1929) 

,  10.  J.  Brentano,  Proc.  Phys,  Soc.  London.  37.  184  (1925) 

11.  G.  Tunell,  E.  Posnjak,  and  C.  J.  Ksanda,  2.  Zriflt.,  90,  120  (1935). 

<12.  W.  J.  Moore,  aud  L.  Pauling,  J.A.C.8..  63,  1392  (1941). 


The  compound  CrO  has  not  been  well  characterised.  It  la  not  affected  by 

fl3> 

pure  water  but  is  readily  oxidized  by  atmospheric  oxygen  .  The  most  stable 
and  the  most  easily  prepared  appear  to  be  the  oxides  of  Co,  Ifl,  Cu,  and  Pd. 

No  references  were  found  In  the  literature  (up  to  Dec.,  1966}  on  solid 
solution  foraatlon  between  ZnO  and  CrO.  ZnO  does  fora  solid  solutions  with 
the  other  six  oxides  Hated  above.  In  addition,  ZnO  ferae  solid  solutions  with 
SeO  (see  p.  1  of  this  report),  and  with  MgO,  CdO,  and  SnO. 

Sons  aspects  of  the  phase  relations  among  these  compounds  are  given  la 
the  following  references: 

14.  R.  Rlgaaontl.  Cars,  Chin.  Ital . .  76.  474  (1946)  C.  A. .  41 ,  71911 
Foraatlon  of  solid  solutions  of  ZnO  In  MgO,  N10,  CoO,  KnO  and  CdO. 
Preparation,  X-ray  data,  cell  parameters,  and  Halts  of  solubility  are 
discussed. 

15.  R-  Isomatsu,  and  S.  Kitagawa,  Doshleha  Dalgaku  Rikogaku  Kenkvu  Bokoku, 

(2),  67  (1964) 

C.  A..  62,  10167a 

Phase  diagram  of  the  system  ZnO-?eO  is  determined  by  X-ray  diffraction. 

16.  J.  Robin,  Compt.  Rend.,  235.  1301  (1932) 

C.  A..  ^7,  47191 

Preparation  of  mixed  Co  and  Zn  oxides,  determination  of  phase  diagr^aa. 

17.  E.  Hayek,  Monatah..  66,  197  (1935) 

C.  A..  30,  391 

Mixed  crystals  of  SnO  with  various  oxidea  Including  ZnO  are  prepared  by 
precipitation  from  solution. 

13.  H.  Lux,  and  E.  PrOschel,  Z,  anorg,  Cb°S!. .  257.  73  (1948) 


4 
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18.  G.  Natta,  and  L.  Passer lnl,  Gazz.  Chia.  Ital..  59,  139  (1929) 

C.  A..  25,  633 

Formation  of  solid  aolutlona  among  the  oxides  of  Ca,  Cd,  Mn,  Co,  Hi,  and 


19.  J.  4.  Hedvall,  Z.  anorg.  allgeta.  Chem. ,  103.  249  (1918) 

C.A..  13,  30985 

Formation  of  solid  solutions  of  NiO  with  ZcO  and  other  mstal  oxides. 

20.  H.  Redeady,  and  A.  Drukalsky,  J.A.C.S..  76.  3941  (1954) 

C.A..  49,  15599c 

Formation  of  NiO-ZnO  solid  solutions,  structure  and  X-ray  data  are  given. 

21.  T.  Ando,  and  R.  Umemoto,  Ceram.  Abatr,.  1952.  151  (in  J.  An.  Ceram.  Soc.. 
35.  no.  8) 

C.A..  47,  6669g 

Describee  formation  of  ZnO-CoO  solid  solution  from  ZnO  and  CoCO^  in  a 
COj  atmosphere. 

22.  V.  D.  Balarev,  Acnuaire  fac.  scl.-phya.  et  math.  Chealc.  47.  3  (1952) 

C.4«.  7976e 

Fusion  of  ZnO  with  CuO  may  indicats  the  existence  of  a  eutectic  in  this 


system. 

23.  C.  Yamaguchi,  and  B.  Mlyabe, 
C.A..  57,  9278h 


L,  63,  562  (1960) 


Composition  and  lattice  constants  are  given  for  various  solid  solution 
phases  in  the  ternary  system  ZnO-CoO-MgO. 

The  folic-jing  references  are  less  directly  related  to  this  problem  but 
say  be  of  interest: 

24.  V.  P.  Chalyi,  and  0.  1.  Shor,  Pkraln.  Kb la.  Zhur..  27,  7  (1961) 

C.A..  55,  17325g 

A  theracvraphic  study  of  hydroxide  mixtures.  Dehydration  gives  solid 
solutions  of  NiO  and  ZnO,  depending  on  concentrations. 
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25.  C.  Frouiel,  Am.  Mineral . .  23,  534  (1940) 

CJL.  J3,  7111  • 

Discusses  sxsolution  growths  of  ZnO  in  MnO. 

26.  H.  P.  Rooksby,  Trans.  Brit.  Cersm-  ^oc..  56.  531  (1957) 

C.A..  12,  17871c 

Distortion  of  the  N10  structure  by  ZnO  substitution. 

27.  0.  Schaits-Duaont,  t.  Brokopf,  and  K.  Burkhardt,  Z.  anora.  sllgea. 

Cheale.  295.  7  (1958) 

C.A..  53,  1915g 

Absorption  spectra  of  solid  solutions  of  CoO  and  ZnO. 

Information  available  in  the  literature  suggests  only  two  possible  host 
lattices  for  Zn(0H)2,  namely  Hi(0H)2  and  Co(0H)2.  Zn(0H)2  occurs  at  at  least 

five  different  phases,  two  of  which  have  been  characterised  rather  well.  The 
o-form  is  hexagonal,  with  lattice  parameters  a  •  3.11  and  c  •  7.8  X  (28) ^ 

The  e-form  is  rhombic  with  a  ■  5.16,  b  ■  8.53,  and  c  •  4.92  1  Co  (OH)  ^ 

occurs  in  two  forms.  It  is  blue  when  freshly  made,  but  changes  to  the  more 
stable  pink  form  on  standing.  It  is  slightly  soluble  in  alkaline  solutions, 
and  is  easily  oxidized  by  atmospheric  oxygen.  Co(CB)2  has  a  trigonal  structure 
with  s  *  3.19  and  c  ■  4.66  A  (20) < 


28.  W.  Feitknecht,  Ana,  Chea. .  52,  202  (1939) 

29.  E.  B.  Corey,  and  E.W.G.  Vyckoff,  Z,  Krlst..  86,  8  (1933) 

30.  G.  Natta  and  A.  Relna,  Attl  Line .  Mea. ,  4,  51  (1926) 


Best  Ai/ojiom-*  ^ 


/wanaop 


^  Copy 
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II (OB is  worm  stable  coward  oxidizing  agents.  X  alao  haa  a  trigonal 
structure  with  a  »  3.07  and  e  •  4.60  £ 

Tha  following  references  daal  with  tha  phase  ralatlona  between  the 
hydroxides  of  An,  Co,  and  Mi. 

32.  W.  Faitknacht  and  V.  Lotaar,  Hclv.  Chla.  Acta.  18.  1369  (1933) 

C.A..  30,  20774 

Solid  solution  formation  in  nixed  precipitates  of  Zb,  II,  and  Co  hydroxides, 
structure  and  composition  of  crystals  ia  given. 

33.  C.  Macta  and  L.  Paaaerini,  Gaza.  Chin,  Ital..  38.  397  (1928) 

C.A..  23,  1356 

Diacuaaion  of  aolid  solutions  of  Za(0H)£  with  Co(OB)^  and  Hi(OH)  . 

34.  Th.  v.  Hirach,  Z.  Phvaik.  Cham..  41,  227  (1964) 

C.A..  63,  245 lg 

An  investigation  of  coprecipltatlon  and  mixed  crystal  formation  between 
Co  and  Zn  hydroxide,  and  others. 

35.  W.  Lotmar  and  W.  Faitknacht,  Z.  Krlst..  93.  368  (1936) 

C.A.  30,  62602 

Changes  in  ionic  distances  in  Zn,  Ni,  and  Co  hydroxide  aolid  solutions. 

Two  Miscellaneous  references  were  found  which  daal  with  the  phase 
relationships  between  ZnO  and  ZnfOH^. 

36.  C.  F.  HUttig,  and  B.  Mflldner,  Z,  anorst.  Chea..  211.  368  (1933) 

C.A. .  27,  3415. 

A  discussion  of  the  relative  ftsbility  of  ZaCOH)^  with  respect  to 
ZnO  in  HjO. 


31.  G.  Nett*.  Atti  sccgd.  Liccsl,  2,  495  (1926) 
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ABSTRACT 


Th*  propertiea  of  the  initial  tine  oxlda  uaad  to  fabricate 
tha  fine  alactroda  nay  substantially  affect  the  performance  of  silver 
oxide-fine  secondary  batteriea.  The  special  fine  oxidea  prepared 
will  allow  investigation  of  tha  effect  of  aurface  are  ;  '‘‘'ne  particle 
sixa)  of  wat  procesa  line  oxide,  particle  morphology  c  cipitation 
procaas  fine  oxidea,  high  electrical  conductivity  of  dope  ench 
Procaaa  line  oxidea  and  the  effect  of  a  variety  of  intanticnclly 
added  metallic  cation  impurities. 


I,  Introduction 


0 

fi 

u 

D 

D 

0 

[ 

r 

L 


r 


L 


i 

v  - 
[ 


!. 

[ 

r 

L 


The  objective  of  this  project  is  to  prepare  and  characterize 
a  variety  of  zinc  oxides  for  evaluation  (by  Delco~£emy)  in  silver  oxide- 
zinc  secondary  batteries.  The  samples  prepared  during  the  first  quar¬ 
ter  permitted  investigation  of  the  effects  of  particle  size  of  nodular 
French  Process  zinc  oxides  (0.13  u  to  1.02  u),  particle  morphology  as 
represented  by  a  highly  acicular  American  Process  zinc  oxide,  and  the 
high  surface  area  (20  to  33  m-/g)  of  wet  process  zinc  oxides  prepared 
b>  thermal  decomposition  of  a  basic  zinc  carbonate.  Second  quarter 
work  has  been  directed  at  preparation  and  characterization  of  samples 
covering  the  following  possible  variables  in  electrode  performance: 

1.  Surface  area.  A  basic  zinc  carbonate  type  zinc  oxide 
with  50  m2/g  surface  area  was  prepared,  that  is,  higher  than 
the  earlier  33  m^/g  sample. 

2.  Particle  morphology  of  precipitation  process  zinc 
oxides.  Nodular  and  acicular  zinc  oxides  Vere  prepared  by 
precipitation  from  zinc  chloride  solutions. 

3.  Impurities.  French.  Process  zinc  oxides  were  doped 
with  small  amounts  of  Zn,  Cu,  Sn,  Mn,  Fe,  Pb,  Cd,  or  As. 

4.  Electrical  conductivity.  French  Process  zinc  oxides 
with  10^  tc  10®  higher  than  normal  electrical  conductivity 
were  precared  by  doping  with  trivalent  metal  cations  (A1  and 
In). 


A  brief  discussion  of  some  of  the  factors  involved  in  addi¬ 
tion  of  impurities  to  zinc  oxide  13  given  below. 

Zinc  oxido  is  a  well-known  n-type  (excess  electron)  semicon¬ 
ductor.  The  excess  electrons  arise  because  the  usual  preparation 
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tschniquas  yield  a  tine  ox Ida  non-stoichiomatric  In  tha  direct ion  of 
excess  sine.  The  exceaa  sine,  occupying  interstitial  lattice  positions, 
Ionises  to  yield  free  or  quaai-frss  electrons  vlth  significant  lifetimes 
and  mobilities.  The  concentration  of  free  electrons  can  be  changed  by 
incorporating  impurities  In  Che  sine  oxide  lattice.  Addition  of  tri- 
valent  metal  cations,  for  example,  A1  or  In,  increases  the  free  electron 
concentration.  The  structure  of  sine  oxide  is  close-packed  hexagonal 
but,  since  che  sine  and  oxygen  atoms  occupy  only  44X  of  the  volume, 
relatively  large  (0.95  A)  open  spaces  are  available  for  acccamodatlon 
of  impurities.  Impurity  promoters  of  ZnO  are  divided  into  the  follow¬ 
ing  two  groups: 

1.  Intracrystalline  -  impurities  with  ionic  rsdlus  approx¬ 
imately  0.6  to  0.9  A  which  are  internal  to  tha  crystalline 
lattice.  Such  matoiials  give  rise  to  solid  solutions. 

?.  Intercrystalline  -  impurities  are  external  to  the 
crystalline  lattice. 

Such  dasalflcationa  can  not  ba  regarded  aa  an  abaoluta  rule  because 
lntra-  or  Intercrystalline  occupancy  of  positions  will  ba  at  laast 
partially  dependent  on  the  preparation  procedure. 

A  relatively  common  method  for  Impurity  additions  involves 
preparation  of  an  intimate  blend  of  an  oxide  of  the  dopant  with  the 
sine  oxide  followed  by  calcination.  This  is  frequently  a  preferred 
procedure  when  addition  of  anion  Impurities  is  to  bs  avoided.  In 
some  ca»es,  thermally  decomposable  dopant  oxalates  or  carbonates  are 
also  used. 
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II.  Sample  Characterization  Testa 


All  samples  are  characterized  by  the  following  teata:  (1) 
air  permeability  particle  size,  (2)  nitrogen  adaorptlon  surface  area, 

(3)  electron  micrographs,  (4)  qualitative  spectrographic  and,  where 
necessary,  chemical  analysis.  See  the  First  Quarterly  Report  for  a 
description  of  these  testa. 

In  the  cose  of  the  Al-  and  In-doped  samples,  changes  in 
electrical  conductivity  were  measured  by  a  "Dry  Powder  Resistivity" 

(DPR)  test  developed  at  NJZ.  In  this  test  the  ZnO  powder  is  com¬ 
pressed  In  a  gl_ss  tube  and  the  resistance  measured  with  an  electrom¬ 
eter.  Resistivity  is  computed  from  the  sample  dimensions  and  can  be 
in  the  range  of  from  10*  to  10^0  ohm-cm.  Factors  szch  as  compacting 
procedure,  temperature,  and  humidity  are  important  variables,  especially 
for  high  resistivity  samples.  The  measurement  is  a  satisfactory  quality 
control  guide  for  high  conductivity  zinc  oxides. 


III.  Description  of  Samples 


A.  Wet  Process  Zinc  Oxide  frog  Basic  Zinc  Carbonste 

A  third  sample  of  vat  procaea  cntide  (243-67-2)  vaa  prepared 
by  tba  baalc  zinc  carbonate  method,  aa  described  in  the  First  Quarterly 
Technical  Progress  Report  (15  October  1966  to  15  January  1967).  In 
order  to  obtain  a  finer  particle  aize  the  calcination  temperature  vaa 
reduced  to  310*C. ,  tfhile  the  tine  vaa  increased  to  4  hr.  The  char¬ 
acterization  data  are  given  in  Table  If  and  the  electron  micrograph 
ia  ahovn  in  Figure  1. 

In  addition  to  sample  characterization  teata  previously 
described,  the  perticle  aize  of  this  sample  was  measured  by  the  method 
of  X-ray  diffraction  line  broadening.  This  method  involves  the  measure¬ 
ment  of  the  vldth  of  the  lines  in  the  X-ray  diffraction  pattern,  and 
then  estimating  the  particle  aize  from  the  Scherrer  formula.  For  this 
sample  the  estimated  size  vaa  0.018  u.  Air  permeability  particle  size 
measurements  are  not  too  satisfactory  for  very  fine  parMcla  samples. 
Hence  the  0.018-y  line  broadening  size  is  probably  more  representative 
of  the  actus.'  size  chan  the  0.025-u  air  permeability  value. 


4 


I 

I 

I 

B 

0 

D 

0 

Q 

0 

0 

D 

a 

o 

a 

o 

rt 

a 

s 

ti 


W? 

<r*t 


B.  Wet  Process  Zinc  Oxide  from  Zinc  Chloride 

Samples  of  wet  process  ZuO  were  prepared  by  the  reactions  of 
ZnCl2  with  NaOH,  KOH,  and  NH4OH.  The  NaOH  and  KOH  reaction  products 
(Samples  243-71-1  and  243-75-1,  respectively)  are  fine  nodular  oxides, 
with  NaOH  yielding  the  smaller  particle  size.  The  NH4OH  reaction  prod¬ 
uct  (Sample  243-79-1)  is  acicular. 

The  NaOH  and  KOH  reactions  were  carried  out  by  adding  a  solu¬ 
tion  of  5.4-M  reagent  grade  ZnCl2  to  a  6.8-M  solution  of  the  bai.a  at 
100*C.  under  moderate  agitation.  Two  mols  of  base  were  used  per  mol  of 
ZnCl2  added.  The  addition  time  was  4  hr.  for  the  NaOH  reaction  and  3 
hr.  for  the  KOH.  The  products  were  washed  by  reslurrying  in  distilled 
water  to  remove  the  residual  chloride  and  dried  in  air  at  110  C.  The 
fine!  dry  cake  was  micropulvarized. 


No  detailed  conditions  for  the  ZnCl2  +  NH40H  reaction  are 
presented,  since  this  is  considered  proprietary  information. 

The  characterization  data  are  given  in  Table  I,  and  the 
electron  micrographs  are  shown  in  Figures  2,  3,  and  4. 


Available  Copy 
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Wgt  Ftomm  Zinc  Chtidog 


The  general  methods  for  development  of  high  conductivity  In 
sine  oxide  vara  dascribad  In  tha  Introduction.  Tha  apaclflc  procadura 
for  doping  with  A1+3  la  daacrlbed  in  U,  S.  Patent  3,089,856  bv  H.  M. 
Cyr  and  M.  S.  Kanovic,  aaaigned  tc  SJZ,  and  iaauad  May  14,  1963. 
Dataila  of  tha  procedure  for  doping  vith  In+3  are  considered  propri¬ 
etary  information. 

Characterization  data  for  theaa  samples  ara  given  in  Table 
II  and  Figures  3  and  6.  Note  that  normal  French  Process  zinc  oxldaa 
have  "Dry  Povdar  Resistivities"  of  tha  order  of  10*0  ohm-cm.  The 
particle  size  of  tha  Al-doped  sample,  Mo.  243-41-1  (1.02  y) ,  makes 
it  particularly  appropriate  for  comparison  with  a  first  quarter  aam- 
ple  of  reheated  zinc  oxide  (No.  243-27-1)  having  a  particle  size  of 
1.02  u. 
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TABLE  II 


Al-  and  In-ry.r»^ 

Saapla  No. 

Technical  Plan  lean  No. 

Amount  and  Typa  of  Ia?urlty 
Diy  Powder  Reaiativity 
Air  PeixeabUlty  Particle  Slie 
*2  Adaorptlon  Surface  Area 

^u*^lt*tlve  Spectrogrephlc 
- Anelvcta  -  Element 


High  Conductivity  7rn 

243-41-1 

15 

0.302  Al* 

5-4  x  102  0-ca 

1.02  u 

1.3  «2/g 


243-45-1 

16 

0.482  In 
3.5  x  io3  Q-ca 
2.3  u 
0.36  b^/. 


si 

Pb 

Cd 

Al 

F« 

B 

Cu 

Mg 

Sb 

T1 

Ge 

Sn 

Ha 

Ag 

Ga 

81 

In 

•Residual  Cl-  content  -  0.022 


vs 

vf 
vf 
xf-vf 
v-n 
vf 
vf 
r  f 
xf 
Trace 


vs 

vf 

f 

Xf-vf 

vf 

xf 

vf 

xf-vf 

xf 

Trace 


f 

Trace 
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D,  Impurity-Doped  Sauiples 


1.  Fc.  Cd.  Cu.  Sn,  Mn,  Pb 

The  impurities  were  added  to  a  French  Pro cese  zinc  oxide  by  ft 
procedure  involving  intimate  admixing  of  an  oxide  of  each  apecific  im¬ 
purity,  followed  by  calcination  for  1  hr.  at  600#C.  in  air.  Metallic 
oxidea  were  selected  in  order  to  avoid  Introduction  cf  anion  impurities, 
the  600*C.  calcination  temperature  was  used  so  as  not  to  cause  too  large 
an  increase  in  the  particle  size  of  the  zinc  oxide.  Equal  mole  percent¬ 
ages  of  Fe,  Cd,  Cu,  Sn,  Mn,  and  Pb,  rather  than  weight  percentages,  were 
added.  Since  each  sample  contains  approximately  equal  numbers  of  im¬ 
purity  ions,  intercomparisons,  as  well  as  comparisons  with  high  purity 
zinc  oxide,  are  possible. 

2.  _ As 

Using  the  preceding  procedure,  a  sample  was  doped  with  A a  at 
a  level  more  than  adequate  to  prevent  growth  of  acicular  particles  in 
American  Process  ZnO  manufacture.  It  was  thought  that  this  might  reduce 
dendritic  growth  in  zinc  electrodes. 

3.  _ Zn 

The  excess  interstitial  zinc  content  of  a  French  Process  ZnO 
was  increased  from  about  0.GO2  wt.  X  to  0.009  wt.  X  by  calcination  for 
1  hr.  at  800*C.  in  an  atmosphere  of  5X  hydrogen  -  95X  nitrogen.  The 
methods  for  quantitative  determination  of  excess  zinc  in  zinc  oxide 
are  not  very  satisfactory.  The  method  used  at  NJZ  is  described  in  a 
paper  by  Secco  and  Moore  (J.  Cheia.  Fhys.  .26,  942  (1957)).  Since  excess 
zinc  in  zinc  oxide  tends  to  produce  discoloration  (grey),  in  the  absence 
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of  high  lcvala  of  foreign  Impurities  color  li  socethinp  of  a  qualitative 
measure  of  the  excess  sin:  content. 


IV  Y.i tore  Pi '  X m 

Characterization  oat*  for  all  the  line  oxides  covered  in  the 
technical  plan  will  be  completed.  For  comparison  with  the  zinc  oxide 
samples,  two  samples  of  zinc  dust  and  a  sample  of  flaked  (small  flat¬ 
tened  particles)  zinc  dust  will  be  prepared.  Selection  of  appropriate 
future  samples  will  depend  on  the  results  of  electrode  evaluations  of 
the  samples  prepared  to  date. 


st  AvciUvblo  Copy 
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Electron  sr.icrographs  at  25,200a  magnification  are  shown  for 
the  previously  described  samples  In  Section  III,  A-C.  Micrographs  for 
the  doped  samples  will  be  submitted  with  the  Third  Quarterly  Report. 


gure  1.  Sanple  No.  243-67-2  -  High  Surface  Area  Wet  Process  ZnO 
Particle  Size  -  0.025  u 
Surface  Area  -  51  M2/G 
Magnification  -  25.2C0X 


Figure  2. 


24’p"uJ/s^P“ o'iS  !*•"  Zn0  «■*>*  *  ***> 


Particle  Size  -  0.092 
Magnificat! on  -  25.200X 


Figure  «.  Sample  No.  243-75-1  -  Precipitation  Process  ZnO  (ZnCl2  +  KOH) 

Particle  Size  *  0.16  u 
Magnification  -  25,200X 
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ADSORPTION  OF  ORGANIC  MATERIALS  ON  ZINC  ELECTRODES 


Introduction 

The  chronocoulometrlc  and  the  differential  capacity  apparatus  were 
further  tested  by  studying  the  adsorption  of  n-butyl  alcohol  on  a  mercury 
electrode  from  0.1  N  KC1.  Work  was  then  started  on  the  Zn,  ZnO^  system  in 
NaOH  and  KOH,  with  both  mercury  electrodes  and  rinc  electrodes.  The  sine 
electrodes  used  were  both  the  stationary  type  and  rotating  disk  type,  me 
kinetics  of  the  Zn,  ZnO^  system  was  studied  to  some  extenc. 

Experimental 

The  techniques  used  in  studying  alcohol  adsorption  on  mercury  were  the 
same  as  those  mentioned  in  the  last  quarterly  report.  5M  NaOH  and  KOH  were 
used  as  supporting  electrolyte  in  the  chronocoulonet.'ic  study  of  the  Zn  system. 
There  appeared  to  be  no  significant  difference  between  the  two  electrolytes 
as  long  as  the  molarity  of  the  two  was  the  same.  SM  was  chosen  because  it 
allows  for  reasonable  solubility  of  ZnOj  without  drastically  affecting  the 
viscosity  of  the  solution.  It  was  also  felt  that  the  glassware,  especially 
the  capillary  of  the  Kemula  drop  apparatus  would  last  longer  at  Che  lowest 
possible  concentration. 

Work  at  the  rotating  disc  electrode  was  done  in  1M  KOH  with  the  ZnO^ 

-3 

concentration  at  10  M.  Work  at  higher  concentrations  was  attempted  but 
met  with  limited  success  due  to  the  relatively  large  electrode  area  and  the 
limited  current  available  from  the  potentiostat .  A  smaller  electrode  is 
being  prepared. 
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Tin:  system  was  studied  by  chror.ocoulometry  and  potential  scan  amperometry 

2 

using  the  apparatus  previously  described  for  chror.ocoulometry,  and  a  slightly 
modified  form  of  the  same  apparatus  for  potential  scan. 

The  Zn  electrodes  were  machined  from  Zn  bars  and  fitted  with  Teflon 
jackets  to  shield  the  portions  which  were  rot  to  b<»  expt'Cwd  .option. 

Just  before  an  experiment,  the  electrode  faces  were  polished  flat  to  z  shiny 
finish. 

Results 

The  study  of  the  adsorption  of  n_-butyl  alcohol  gave  results  in  complete 
agreement  qualitatively  with  theory.  No  extensive  quantitative  experiment  was 
attempted.  Some  results  of  these  experiments  are  in  the  ,i9-<r-ea  following. 

m 

The  Zn,  ZnO-  system  was  first  studied  on  a  mercury  electrode,  Fotential 
scan  amperometry  showed  the  system  to  probably  be  quasi-reversible ,  so  it  was 
decided  to  get  some  quantitative  results.  The  literature^  indicates  that  on 
Zn  in  strongly  basic  media  the  reaction  was  quasi-reversible  and  the  rate  was 
governed  by  a  one  electron  step.  Chronocoulometry  indicated  that  the  hetero- 
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geneous  rate  constant  was  on  the  order  of  10  cm  /sec  and  the  charge  transfer 
coefficient,  o,  was  about  .31. 

It  was  then  decided  to  study  the  reaction  on  a  Zn  metal  electrode.  Studies 

at  a  rotating  disc  electrode  indicate  that  the  reduction  of  ZnO^  at  a  zinc 

electrode  is  diffusion  controlled  sa  indicated  by  a  linear  plot  of  1/i  vs . 

X  /  2 

l/w  at  a  constant  potential.  In  this  case  i  represents  the  current  and  w 

the  ro'ation  rate  in  radians  per  second.  From  the  slope  and  intercept  of  this 

4 

plot,  kinetic  parameters  may  be  obtained. 
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Work  w as  algo  done  on  the  oxidation  of  zinc  from  the  rotating  disc 
electrode.  Thla  work  was  done  In  1M  and  5M  KOH  and,  as  before,  owing  to  the 
large  electrode  area  and  the  limits  of  the  potentioatat ,  limiting  currents 
were  not  obtained.  Currents  on  the  rising  portion  of  the  wave  were  found  to 
ooey  the  sa.de  equation  as  the  ZnO^  reduction  giving  a  linaar  1/i  vs..  1/w*^ 
plot . 

For  stationary  electrodes  it  was  found  that  with  Initial  concentrations 
of  zir.cate  up  to  0.01  M  the  zinc  electrode  was  corroded  by  the  solution  with 
rapid  evolution  of  hydrogen  gas.  Souie  Eaulphogcne  BC-720  was  added  to  the 
solution  and  the  rate  of  corrosion  became  almost  negligeable.  As  the  Eaul- 
phogenes  are  not  very  soluble  in  electrolytes.  It  was  decided  to  try  adding 
propylene  cKlde  to  the  solution  Instead.  A  solution  containing  approximately 
1Z  propylene  oxide  exhibited  similar  behavior.  Potential  scan  amperometry 
indicated  that  the  system  was  quasi-reverslble  and  that  it  was  eventually 
diffusion  controlled  as  the  cathodic  and  anodic  peak  currents  increased  with 
scan  rate,  and  that  potential  difference  between  the  two  peaks  increased  with 
scan  rate.  One  would  not  normally  expect  the  oxidation  of  a  metal  surface  to 
be  diffusion  limited.  But,  in  this  case  the  reaction  could  be  limited  by 
diffusion  of  hydroxide  to  the  electrode  surface  even  at  the  extremely  high 
concentration  used. 

The  kinetics  of  the  zincate  reduction  on  zinc  were  studied  by  chr^aocou- 
lometry  and  the  results  were  very  similar  to  the  reduction  on  mercury.  The 
heterogeneous  rate  constant  is  slightly  larger  and  the  charge  transfer  coef¬ 
ficient  is  approximately  .42. 


n 

i  I 
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Conclusions 


After  studying  the  earlier  work  of  Dr.  T.  P.  Dirkse*  we  find  that  our 
experimental  work  agrees  with  his,  but  we  feel  that  hia  interpretation  cf  the 
results  may  be  open  to  question.  On  the  basis  of  the  lack  of  corrosion  of 
the  tine  electrode  in  Emulphogene  and  propylene  oxide  solutions  the  hydrogen 
overvoltage  must  be  significantly  affected  by  these  additives.  Also,  Dr. 
Dirkse's  report  makes  no  mention  of  the  possible  effect  on  his  experimental 
results  of  the  fact  that  the  zinc  eystem  is  complicated  by  kinetics. 

We  feel  that  work  needs  to  be  done  of  the  effect  of  surfactants  on  the 
kinetics  of  both  the  zinc,  zincate  systems  and  the  hydrogen  system.  It  is 
also  not  clear  from  these  experiments  what  is  causing  the  limiting  of  the 
anodic  currents.  It  might  be  diffusion  of  hydroxide  to  the  surface  of  dif¬ 
fusion  of  zincate  away  from  the  surface.  Work  is  continuing  in  an  attempt 
to  ueteraine  which  is  the  case. 
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TABLE! 


Kinetic  parameters  for  th«  Zu,  ZiO^ 
system  from  chronocoulometric  data1 


1/Z  1/2  1/2  1/2 

Avg.  slope  of  Q  vs.  t  ^lots  «  88.7  microcoulombs/sec  •  2nFADo  Cfl/* 

D1/2  -  1.85  x  10~3 
o 


intercept  of  Log  X  plot  *  log  k^/D^ 


1/2  . 


K  •  2.26  x  10  cn/aec 
o 


u 

la 

mercury  electrode  ~ 

U 

v  potential 
stepped  to 
(E-E*) 

extrapolated 

0 

-.138 

.164 

5.42 

0 

-.158 

.100 

8.87 

r-i i 

-.178 

.080 

11.06 

y 

-.198 

.075 

11.82 

p 

-  71* 

.050 

17.73 

u 

slope  of  Log  X  vs.  (E-E*) 

-  O/.0591  -  5.26  a  -  .31 

“  0 

lb 

zinc  electrode 

n 

P 

i 

• 

o 

s> 

.072 

Li 

12.3 

-.114 

.053 

16.7  0 

-.134 

.032 

27‘7  n 

-.154 

.027 

32.9  U 

-.174 

.025 

6°,  0 

slope  of  Log  X  vs.  (E-E*) 

intercept  of  plot  -  .413 

-  7.13  a  -  .42 

_3 

k  *  4.79  x  10  cm/sec 

0 

a 

0 

Best  Available  Copyn 

“;a#Sf§ 
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Fig.  6 


Fig.  7 
Fig.  8 
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Li»t  of  Fiaurefl 


Fig.  1  differencial  capacity  vs.  potential  stationary  aarcury 

drop,  area  .018  cm^,  ,1M  JCC1,  .00137  £  t^-butanol 

Fig.  2  differential  capacity  vs.  potential  .0219  M  butanol 

Fig.  3  differential  capacity  vs.  potential  .1096  )£  butanol 

Fig.  4  differential  capacity  vs.  potential  .548  M  butanol 

Fig.  5  potential  scan  diagram  for  ZnO^  on  mercury  electrode 


Potential  scan  diagram  for  ZnO,  on  zinc  electrode 

*  <% 

5M  MaOH,  .01  M  ZnO^,  A  -  .04  cm 

potential  axis  —  30  mV  /  inch 
current  sxls  —  5  bA  /  inch 

scan  #1  sweep  rate  -  100  mV/  sec 

scan  #2  sweep  rate  -  50  mV/  sec 

scan  #3  sweep  rate  ■  25  mV/  sec 

1/2 

plot  of  1/i  vs.  1/w  from  rotating  disc  electrode  data 

plots  of  Q  vs.  t^^  from  chronocoulometrlc  data  on  the  reduction 
1/2 

of  ZnO^  on  a  zinc  electrode 

line  #1  potential  stepped  to  -.094  (E-E*) 

line  #2  -.114 

line  #3  -.134 

line  #4  -.154 

line  #5  -.174 


Fig.  9  plot  of  Log  X  vs.  E-E*  for  zincate  reduction  on  mercury 

electrode  from  chronocoulometrlc  data 

Fig.  10  plot  of  Log  X  vs.  E-E*  for  zincate  reduction  on  zinc 
electrode  fros;  chronocouiomecric  data 
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ABSTRACT 

Equations  are  presented  permitting  calculation  of  electrolyte  distribution 
as  a  result  of  membrane  absorption,  from  known  weights  of  membrane 
and  solution.  KOH  and  water  transference  data,  as  a  function  of  con¬ 
centration,  are  presented  for  two  typical  battery  membrane  separators. 


SUMMARY 


Absorption  data  are  presented  to  show  the  relationship  between  internal 
(within  the  membrane)  and  external  molality  of  potassium  hydroxide. 
Equations  have  been  derived  which  permit  the  calculation  of  the  equili¬ 
brium  values  of  the  weights  of  water  and  potassium  hydroxide  in  the 
membrane  and  in  the  residual  solution,  as  well  as  the  internal  and 
external  molalities.  These  are  calculated  from  the  known  weights  of 
membrane,  original  solution,  and  original  molality. 

It  has  been  calculated  that  for  low  membrane  to  solution  weight  ratios, 
the  most  pronounced  effect  is  an  increase  in  the  hydroxide  concentration 
within  the  membrane  with  respect  to  the  concentration  in  the  original 
solution.  For  higher  membrane  to  solution  weight  ratios,  a  decrease  in 
the  hydroxide  concentration  in  the  residual  solution  is  the  most  pro¬ 
nounced  effect. 

The  effect  of  temperature  on  absorption  does  not  appear  to  follow  any 
definite  pattern  except  for  the  fact  that  there  exists  temperature  dependency 
in  the  absorption  of  both  potassium  hydroxide  and  water  in  Vlsking  V-7 
and  PUDO-600  cellophane.  Furthermore,  concentration  effects  appear  to 
be  temperature  dependent. 

Transference  numbers  fer  both  ionic  species  and  solvent  have  been 

determined  at  30*  C.  The  values  of  t  indicate  a  slightly  higher  mobility 
+  -  * 

of  K  (relative  to  OH  )  In  the  membranes  as  opposed  to  free  solution.  The 
values  of  t  show  an  expected  concentration  dependence. 


■  ?■  "v. ,  • «. ;  ■£.  fjg> .. 


L  INTRODUCTION 

The  poor  performance  of  alkaline  silver  batteries  at  low  temperature  may 
possibly  be  attributed  to  concentration  changes  within  the  cell  brought 
about  by  selective  absorption  of  the  membrane,  as  well  as  the  transport 
characteristics  of  the  latter,  resulting  in  electrolyte  freezing  at  higher 
temperatures  than  would  be  indicated  on  the  basis  of  the  initial  concen¬ 
tration.  It  is  the  purpose  of  this  program  to  measure  such  properties  of 
typical  membrane  separators,  correlate  them  with  cell  operation,  and 
finally,  to  evolve  practical  mathematical  expressions  relating  cell  voltage 
as  a  function  of  time,  temperature,  current,  electrolyte  concentration, 
and  membrane  properties.  Such  relationships  will  be  of  value  in  the 
design  of  cells  having  improved  low  temperature  performance. 
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The  measurement  of  KOH  absorption  by  membranes  has  h  completed. 
PUDO-60C  cellophane.  Visiting  Y-7,  and  2.  2xH  20%  acrylic  id  graft 
polyethylene  were  investigated.  Measurements  for  the  latter  material 
were  extremely  irreproducible,  so  that  no  cogent  information  could  be 
derived.  Although  formal  mathematical  correlations  for  the  absorption 
measurements  have  been  presented  earlier  (Ref.  1),  most  of  the  experi¬ 
mental  data  was  obtained  during  this  period.  Therefore,  in  order  to 
maintain  continuity,  these  are  repeated  here,  together  with  the  completed 
data. 


The  parameters  of  importance  to  membrane  absorption  are 

1.  Internal -external  molality 

2,  Fraction  absorption  of  KOH  or  water 

1,  Internal -external  molality 

Figure  1  shows  a  typical  relationship  between  the  concentration  of  KOH 
within  the  membrane  (internal  molality)  and  that  in  the  residual  solution 
(external  molality),  which  can  be  expressed  in  the  form: 

Internal  molality  =  N  (external  molality)  +  P  (1) 

where  N  and  P  are  functions  ©f  the  membrane  and  the  temperature,  as 
shown  in  Table  I, 


TABLE  l 


Internal 

-External  .Molality  Parametc 

rs 

O’C 

3C*C 

Membrane 

N  P 

N  r 

Visking  V-7 

1.  20  1.  04 

I.  3d  0.  *3$ 

PUDO-600 

1.13  1.49 

1.12  2.22 

Since  the  plotted  data  do  not  pass  through  the  origin,  -  aluc  ?  for  P  are  not 
applicable  at  very  low  molality, 

i 

2.  Fraction  absorptio"  r't  KOH  or  water 

The  fraction  absorption  of  KOH  by  the  membrane  has  been  correlated  with 
the  external  molality.  This  quantity  is  defined  as 

w 

i 

Fraction  absorption  KOH  =  -  (2) 

m 


where  w  is  the  weight  of  KOH  in  the  membrane  at  equilibrium,  and  w  is 
*  m 

the  dry  weight  of  the  membrane. 


The  exact  form  of  the  mathematical  relationship  between  the  fraction 
absorption  and  the  external  molality  is  quite  complex,  if  one  considers  the 
entire  range  of  external  molality,  ior  mathematical  simplic:f'-,  the 
total  concentration  range  can  be  divided  into  a  number  of  distim  t  regions. 
Within  each  region  the  data  can  be  expressed  according  to  the  following 
relationship: 


Fraction  absorption  KOH  «  J  (external  molality)  *■  K  (3) 


with  equilibrium  conditions  implied.  J  and  K  are  constants  for  a  given 
region. 


-4- 


A  similar  relationship  exists  for  the  fraction  of  water  absorbed  as  a 
function  of  external  molality,  i.  e.  : 


Fraction  absorption  water  =  L  (external  molality)  +  M  (4) 

It  should  be  noted  that  no  theoretical  significance  is  attached  to  equations 
(3)  and  (4).  Although  empirical,  they  are,  however,  representative  of 
the  data  on  membrane  absorption  obtained  under  the  experimental 
conditions. 


Values  of  J,  X,  L,  and  Mai  i  function  of  molality  are  given  in  Tables  II 
and  III. 


3.  Calculation  of  electrolyte  distribution 

The  membrane  absorption  data  permits  the  calculation  of  the  KOH  concen¬ 
tration  within  the  membrane  and  the  solution  at  equilibrium,  as  a  function 
of  weights  of  dry  membrane  and  original  solution,  and  the  initial  electro¬ 
lyte  concentration. 
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TABLE  E  ABSORPTION  PARAMETERS  -  YISKING  V-7 


30*  C 


Fraction  Abaorption  KOH 

...  \ 


m 

J_ 

K_ 

0.0  -  6.7 

—  .. ' 

0.  1330 

-0.0114 

6.7  -  8.  3 

-0.  0552 

1.28 

8.3  -16  0 

0.  0623 

0.262 

Fraction  Abaorption  Water 
L 


0.0  -  1.0 

0.908 

0.823 

1.  0  -  2.  1 

-0.488 

2.208 

2.1  -  6.6 

o.  no 

0.957 

6.6  -  7.6 

-0.^56 

4.700 

7.6  -10.0 

-0.0666  ' 

'  1.740 

10.0  -15.0 

-0.  00092 

1.  064 

Fraction  Abaorption  KOH 
in  J 

0.0  -  6.4  0.183 

6. 4  -  8.1  -0.133 

8.  1  -  14.  8  0.  0787 

Fraction  Absorption  Water 
m  L 


-0.  0744 
1.89 
0.  179 


0.0  -  3.0 

0.  188 

1.01 

3.0  -  5.7 

0.  3506 

0.547 

5.7  -  7.8 

-0.  628 

6.  23 

7.  C  -10.7 

-0,  0876 

2.05 

10.7  -14.8 

0.  0654 

0.406 

TABLE  HI 


-  ABSORPTION  PARAMETERS  -  PUDO-600 


30*  C 


Fraction  Absorption  KOH 


J  K 


0.  0 

- 

0.  105 

0.0233 

3.5 

-  6.6 

0.  168 

-0.  170 

6.6 

-  8.7 

-0.  0546 

1.  29 

8.7 

-  15.0 

0.0510 

0.365 

m  L  M 


0.C 

-1.0 

0.  267 

0.  872 

1.0 

-  2.1 

-0.  185 

1.  32 

2.  1 

-  6.1 

0.  257 

0.412 

6.  1 

-  7.6 

-0.  450 

4.70 

7.6 

-  10.0 

.0.  0888 

1.  9» 

10.0 

-  13.0 

-0.  0122 

1.  18 

13.0 

-  15,0 

0.0737 

0.  0653 

m 

Fraction  Absorption  KOH 

J 

K_ 

1.  J 

-  6.2 

0.  2186 

-0.  141 

6.  2 

-  8.4 

-0.  184 

2.  37 

8.4 

-  15.0 

0.  0874 

0.  0822 

Fraction  Absorption  Water 


m 

L 

M 

■ 

' 

1 

1.0  -  2.  i 

-0.  165 

1.  49 

2.  1  -  6.  i 

0.  459 

0,  177 

6.  1  -  8.  0 

-0.849 

8.  08 

8.  0  -  10.  2 

-0.  0645 

1.85 

10.2  -11.9 

0.  0030 

1.  15 

11.9  -  15.0 

0.  100 

-7- 

-0.  0057 

The  following  parameters  are  cfoiined: 


molality  of  original  solution 
weight  of  original  solution 
original  weight  of  KOH  {see  Note  1) 
original  weight  of  water  (see  Note  1) 
dry  weight  of  membrane 

weight  of  KOH  in  solution  at  equilibrium  (see  Note  2) 
weight  of  water  in  solution  at  equilibrium 
weight  of  KOH  in  membrane  at  equilibrium  (see  Note  2) 
weight  of  water  in  membrane  at  equilibrium 


Furthermore,  it  has  been  experimentally  shown  that  at  equilibrium 


fraction  absorption  KOH  =  J  (ext,  mol.  )  +  K  (3) 

fraction  absorption  water  «  L.  (ext.  mol. )  +  M  (4) 

internal  molality  a  N  (ext.  mol.  )  +  P  (1) 


Note  1.  w^  and  are  determined  from  original  solution  parameters  by 
the  following  relationships 


m  w 

•  s 


17.  8  +  m 


and 


derived  by  linear  combination  of  w  +  W 

o  o 


(mol.  wt.  of  KOH  is  56.  1) 


17.  8w 

w  s  - 1— 

o  17. 8  +  m 

s 


w  ,  and  m 

»  s 


1000  w 

A 

56".  1  W 

D 


Note  2.  The  subscripts  £  and  i_correspond  to  '’external'’  and  "internal" 
relative  to  the  membrane. 
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Although  the  values  of  J,  K,  L,  and  M  are  dependent  on  the  particular 
value  of  the  equilibrium  external  molality,  only  the  final  numerical 
•olntion  will  be  '>rp~ud.r:t  on  the  proper  choice  of  J,  K,  L,  and  M.  A 
mathematical  solution  for  w^,  W^,  w^,  and  is  dependent  only  on  the 
form  of  equations  (3)  and  (4)  as  will  be  seen. 

Equations  are  presented  on  the  next  page  which  relate  the  weight  of 
potassium  hydroxide  and  water  in  both  the  membrane  and  residual 
solution  under  equilibrium  conditions. 

Equation  (10)  expresses  W  in  terms  of  known  quantities.  From  the  value 

6 

of  W  ,  w  can  be  found  by  equation  (9).  Similarly,  having  w  and  W  ,  w 

6  6  6  6  1 

and  Wj  may  then  be  determined  from  equations  (7)  and  (8).  However, 

Since  substitution  of  in  equation  (9)  would  lead  to  a  rather  involved 

expression  for  w  ,  it  was  decided  that  numerical  solution  for  W  should 

0  0 

be  made  before  substitution  in  equation  (9).  Since  the  expression  for  W 
is  itself  rather  cumbersome,  a  computer  was  used  for  the  mathematical 

solution.  Certain  restrictions  on  the  final  value  of  W  aided  in  the  choice 

0 

of  the  proper  values  of  J,  K,  L,  and  M.  A  value  of  W  which  is 

0 

imaginary,  negative,  or  greater  than  W  is  a  physical  impossibility. 

o 

Therefore,  an  alternate  choice  of  J,  K,  L,  and  M  was  necessary  to 

establish  a  value  of  W  within  the  limits  W  >W  ^0. 

e  o  e 

Since  it  was  anticipated  that  alternate  choices  of  J,  K,  L,  and  M  might 

be  necessary,  the  computer  program  was  written  so  as  to  allow  facile 

substitution  of  such  values.  Having  decided  on  the  proper  value  of  W  ,  it 

was  then  possible  to  solve  for  w  ,  W  ,  w  ,  equilibrium  internal  molality 

and  equilibrium  external  molality.  As  a  finat  check,  the  internal  molality 

was  determined  from  the  external  molality  and  equation  (1).  Since  N  and 

P  in  equation  (1)  are  the  most  exact  parameters,  the  value  of  W  was 

0 

adjusted  until  the  value  of  the  internal  molality  derived  from  and 
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m 


The  boundary  condition*  nr* 


•greed  within  0.  1  m  with  that  found  using  the  computer  value  of  equilibrium 
molality.  This  adjustment  procedure  was  also  written  into  the  computer 
program.  *  The  successful  solution  to  equations  (5).  (6),  (7),  and  (8) 
means  that  for  a  given  membrane,  it  is  possible  to  describe  the  distribu¬ 
tion  and  concentration  of  electrolyte  within  any  portion  of  the  cell  under 
equilibrium  conditions. 

Although  direct  comparisohs  of  the  values  of  J,  K,  L,  and  M  for  the 
membranes  at  two  temperatures  could  be  made,  more  meaningful  informa¬ 
tion  may  be  derived  by  comparison  of  the  final  electrolyte  distribution 
under  a  given  set  of  conditions.  In  Tables  IV,  V,  VI,  and  Vll,  some  of 
these  calculations  are  presented.  The  initial  conditions,  weight  of 
membrane,  weight  of  solution,  and  solution  concentration  have  been 
chosen  for  illustrative  purposes  and  are  not  meant  to  indicate  any  limita¬ 
tion  of  the  mathematical  relationships. 

Certain  relationships  are  evident  from  inspection  of  the  electrolyte  dis¬ 
tribution  tables.  It  is  apparent  that  for  both  membranes  at  each  temper¬ 
ature,  there  is  a  marked  reduction  in  the  amount  of  residual  electrolyte 
as  the  ratio  of  membrane  to  initial  electrolyte  becomes  greater.  Although 
the  amount  of  residual  electrolyte  is  dependent  on  the  type  of  membrane 
and  initial  conditions,  it  appears  that  there  is  a  maximum  amount  of 
membrane  which  should  be  used  without  deleterious  effect  on  a  battery 
system.  Furthermore,  it  is  seen  that  if  the  original  weight  ratio  of 
membrane  to  solution  if  1:10,  the  KOH  concentration  at  equilibrium  is 
significantly  higher  in  the  membrane  than  in  the  original  solution,  whereas 


♦The  authors  wish  to  thank  Mr.  Robert  Elkin  for  writing  the  computer 
program.  The  computations  were  carried  out  on  an  Olivetti-Underwood 
Programma  101  digital  computer.  _  ,  4  > 
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the  concentration  in  the  residual  solution  is  only  slightly  lover.  On  the 
other  hand,  for  a  ratio  of  about  1:2,  the  concentration  of  the  residual 
solution  is  markedly  lower  than  the  original  solution,  whereas  the 
membrane  concentration  is  approximately  the  same  as  the  original 
concentration. 

For  Visking  V-7  at  30* C  and  C’C,  and  for  PUDO-600  at  30*  C,  it  is  seen 
that  the  amount  of  residual  electrolyte  is  greater  for  the  higher  initial 
concentration,  14.  0  m,  than  for  the  lower  initial  concentration,  9.  0  m. 
That  is,  the  overall  membrane  absorption  is  less  at  the  higher  concentra» 
tions  than  at  the  lower  concentrations.  This  relationship  is  more  complex 
in  the  case  of  PUDO-600  at  0*C  although  it  appears  that  the  amount  of 
residual  electrolyte  is  greater  at  the  lower  initial  concentration,  as 
opposed  to  the  other  cases. 

A  comparison  of  Tables  IV  and  V  reveals  the  fact  that  for  both  initial 
concentrations,  Visking  V-7  appears  to  absorb  more  electrolyte  at  the 
lower  temperature.  Although  the  effect  is  relatively  amall,  it  is  of 
sufficient  magnitude  so  as  to  be  applicable  in  the  design  of  batteries  for 
low  temperature  operation.  This  effect  appears  to  be  more  complex  in 
the  case  of  PUDO-600.  At  the  lower  concentration  (9.  0  m)  more 
absorption  occurs  at  the  lower  temperature,  whereas  at  the  higher  con¬ 
centration  (14.  0  m),  greater  absorption  occurs  at  the  higher  temperature. 

There  are  undoubtedly  other  electrolyte  distribution  relationships  which 
may  be  derived  by  the  methods  previously  described.  However,  since 
the  absorption  measurements  are  only  a  part  of  the  investigation  of 
transport  characteristics  of  membranes,  further  discussion  of  electro¬ 
lyte  distribution  will  be  deferred. 
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Th«  method  used  tc  determine  the  absorption  parametera  involves  a  small 
weight  of  membrane  in  a  relatively  much  greater  weight  of  KOH  solution. 
This  method  was  chosen  because  of  experimental  simplicity.  Since  these 
experiments  formed  the  basis  for  calculating  the  data  presented  in 
Tables  IV-V1I  (where  the  weights  of  membrane  and  solution  were  within 
an  order  of  magnitude  comparable  to  more  typical  battery  ratios)  it  was 
decided  to  experimentally  confirm  the  absorption  correlation.  Using  a 
Visking  V-7  membrane  to  solution  ratio  of  0.  3/1,  and  an  initial  concentra- 
tion  of  8.  97  m,  the  eouilibrinm  *:r-C2ntrati«»  KOH  in  the  solution  was 
found  to  be  7.  12  m,  compared  to  the  calculated  equilibrium  concentration 
of  6.  82.  It  therefore  appears  that  the  mathematical  correlation  of 
absorption  is  reasonably  accurate. 

B.  Transport  Numbers 

Another  area  of  effort  important  tn  the  definition  of  electrolyte-membrane 
relationship  is  the  measurement  of  cation  and  anion  transport  numbers 
through  membranes,  together  with  the  apparent  transport  number  of 
solvent.  One  cannot  strictly  define  the  transport  of  solvent  per  faraday 
as  a  transport  number,  since  the  solvent  is  an  uncharged  material  not 
directly  entering  into  the  current  carrying  process.  It  has  become 
common  practice,  however,  to  designate  the  change  is  the  number  of 
moles  of  solvent  associated  with  the  anolyte  or  catholyte  per  faraday  as 
the  solvent  transport  number.  We  will  follow  this  convention.  Further¬ 
more,  since  the  direction  of  solvent  movement  is  not  defined  by  the 
stoichiometry  of  a  reaction,  we  shall  consider  that  a  positive  value  of  the 
solvent  transport  number  corresponds  to  the  direction  of  cation  movement. 

The  method  used  to  determine  the  transport  numbers  corresponds'*  to 
that  used  by  Kressman  (Ref.  2).  This  method  differs  from  the  usual 
Hittorf  method  in  that  not  only  is  the  change  cff  concentration  after 

-17- 


electrolysis  measured,  but  also  the  total  weight  of  material  remaining  in 
the  electrode  compartment.  In  thia  manner,  both  the  cation  transport 
number,  t  ,  and  the  water  transport  number,  t  ,  could  be  determined. 
Since 


t,  +  t  »  1  01) 

T  • 

the  anion  transport  number  is  also  determinable.  In  the  usual  Hittorf 
cell,  a  compartment  separating  the  anolyte  and  catholyte  is  used.  Since 
the  net  transport  in  this  compartment  is  zero,  no  concentration  change 
should  occur.  Any  measured  change  in  this  compartment  may  then  be 
attributed  to  diffusion,  due  to  the  electrolytically  created  gradient.  In 
addition,  the  Hittorf  method  usually  involves  direct  measurement  of  t+ 
and  t  .  The  accuracy  of  the  method  can  then  be  verified  by  use  of 
equation  (11). 

I  *he  study  of  KOH  transport  through  membranes,  certain  modifications 
oi  *  Hittorf  method  were  made  by  Kressman  in  order  to  facilitate  the 
experimental  procedure.  The  middle  compartment  was  eliminated,  and 
the  anolyte  compartment  was  made  much  larger  than  the  catholyte 
compartment.  The  latter  modification  was  made  since  it  had  been  found 
that  t+  was  dependent  on  the  concentration  in  the  receiving  compartment. 
The  effects  of  diffusion  and  concentration  polarization  were  eliminated 
by  determining  a  range  of  time  and  current  density  in  which  t+  remained 
constant. 

Similar  precautions  were  used  in  our  experiments.  However,  we 
unfortunately  chose  a  range  of  conditions  in  which  errors  due  to  diffusion 
were  sufficiently  similar  so  as  to  give  apparent  consistency  to  our 
earlier  experimental  data.  Therefore,  the  data  which  was  presented  in 
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previous  reports  is  in  error.  The  error  was  noted  when  several  layers 
of  membrane  were  used  in  the  transference  cell,  as  opposed  to  the  single 
layer  u**d  in  the  initial  *xn*Hro»nte.  Under  these  conditions,  the  effect 
of  back-diffusion  should  be  minimized,  whereas  no  effect  on  the  real 
value  of  the  transport  numbers  should  be  seen.  It  was  found  that  t 
markedly  increased  under  the  new  condition*.  The  corrected  values  of 
t+  and  t^  for  PUDO-60Q  and  Visking  V-7  are  presented  in  Table  VIII.  It 
was  noted  that  the  greatest  change  in  t+  occurred  at  those  concentrations 
where  the  diffusion  constant  was  greatest,  lending  some  measure  of 
veracity  to  the  present  experimental  method. 

Cation  transport  lumbers  in  KOH  solution  have  been  previously  determined 
(Ref.  3).  The  values  of  t+  decrease  from  0.  26  at  1.  0  m  to  0.  22  m  3.0m, 
remaining  constant  at  0.  22  until  12.  0  m  and  then  increase  to  0.  26  at 
17.  0  m.  It  thus  appears  that  the  values  of  t+  in  the  membranes  are 
slightly  higher  than  in  free  solution.  That  is,  the  apparent  mobility  of 
the  potassium  ion,  relative  to  the  hydroxide  ion,  is  slightly  greater  in 
the  membranes.  Whether  this  increased  mobility  is  due  to  change  of 
ionic  hydration,  ion  aggregation,  or  environmental  effects  {direct 
membrane-ioninteraction)  cannot  be  decided  at  this  time.  Similarly,  the 
effect  of  concentration  on  t+  within  a  given  membrane  appears  to  be  too 
subtle  to  be  related  to  any  single  factor. 


>  . 
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in.  FUTURE  WORK 

A.  Derivation  of  differential  equations  relating  change  of  electrolyte 
concentration  with  time. 

B.  Integration  of  these  equations  using  the  previously  determined 
absorption,  transport,  and  diffusion  parameters. 

C.  Experimental  verification  of  the  integrated  expressions  under 
typical  battery  conditions. 
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INTRODUCTION 

During  his  first  quarter,  emphasis  has  been  placed  on  the 
development  of  methods  to  insure  the  uniformity  of  the 
dose  received  by  samples  irradiated  in  our  source,  and  to 
determine  the  effect  of  a  non-aromatic  solvent  and  a  chain 
transfer  agent  on  grafting.  The  proposed  program  requires  a 
detailed  study  of  grafting  procedures  during  Phase  III  of  this 
contract.  Thia  Initial  study  was  undertaken  only  tc  determine 
if  gross  effects  on  cycle  life  could  be  attributed  tc  the  use 
of  chlorinated  advents.  These  solvents  afford  certain 
advantages  in  grafting  over  using  benzene  and  a  small  percentage 
of  carbontetrachloride  in  the  grafting  solution. 

A  detailed  study  was  also  undertaken  on  the  crosslinking  of 
three  basic  films  to  accurately  determine  the  dose  received 
by  the  samples  irradiated  with  1  MeV  electrons.  These 
crosslinked  films  were  then  extracted  to  determine  the  gel 
content.  The  irradiated  films  will  also  be  evaluated  to 
determine  the  number  of  crosslink^  as  a  function  of  dose.  A 
recent  report  by  H.  Dole,  et  al.,  indicates  that  the 
Initial  slope  of  the 

(SfS*)  vs ,  curve,  where  s  is  the  fraction  of  soluble 

component  at  dose  r  and  rg  is  the  dose  at  the  incipient  gel 
point,  and  is  strongly  dependent  on  the  initial  molecular  weight 
distribution.  Thus,  from  gel-dose  measurements  and  a  knowledge 
of  the  molecular  weight  distribution  the  number  of  crosslinks 
in  the  irradiated  aamples  can  be  determined. 

The  implication  of  this  finding  Js  that  different  base  polymers 
with  differing  molecular  weight  distributions  could  be  more  or 
less  efficiently  crosslinked.  This  area  of  lnvestigf tlon  has 
not  been  completed  during  this  first  quarter.  Work  is  continu¬ 
ing  in  this  area. 

Phase  I  of  this  pro^am  requires  the  investigation  of  three 
base  films,  two  rcnomers,  and  three  levels  of  croaslinking  plus 
evaluation  of  control  films  (i.e.,  uncrosslinked  films).  This 
is  outlined  in  Table  I.  To  date,  samples  Noe.  1,  9  and  17  have 
been  completed,  Noa.  4,  12  and  20  are  now  being  graftod  and  will 
subsequently  be  evaluated.  The  crosslinking  dose  received  by 


#  H.Y.  Kang,  0.  Salto,  and  M.  Dole,  Journal  of  American 
Chemical  Society,  89:9,  April  26,  1967  p.  1980 
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these  samples  Is  approximately  90  Mrads,  rather  than  70  Mrads 
as  indicated  in  the  table.  This  change  was  made  because; 

1.  Investigations  prior  to  the  start  of  this  program  indicated 
improved  cycle  life  with  increased  irradiation  of  the  base 
polymer;  and 

2.  The  irradiation  of  a  "package”  of  one  mil  film  to  70  Mrads 
(l.e.j  a  surface  dose  of  70  Mrads)  affords  film  with  a 

dose  varying  from  70  to  90  Mrads  depending  on  the  depth  ofti* 
film  in  the  package  and  the  c:.ergy  of  the  electron  source. 

The  selection  of  film  having  the  desired  extent  of  irradi¬ 
ation  Is  simply  made  by  choosing  film  at  the  desired  depth 
in  the  "package”.  The  maximum  dose  received  by  individual 
film  in  the  package  Irradiated  here  was  about  90  Mrads. 
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EXPERIMENTAL 


The  experimental  program  followed  during  the  first  quarter  can 
be  divided  into  a  number  of  areas: 

1.  Development  of  procedures  to  assure  uniform  radiation  of  test 
samples. 

2.  Evaluation  on  new  grafting  solutions. 

3.  Radiation  crosslinking  of  films  to  be  evaluated  during 
Phase  I. 

4.  Grafting  of  crosslinked  films. 

5.  Evaluation  of  grafted  films. 

Development  of  Procedures  to  Assure  Uniform  Radiation 

of  Test  Samples 

To  assure  absolute  control  of  radiation  grafting  special  motor 
mounts  have  been  designed  and  constructed  which  can  be  placed 
into  positions  around  the  radiation  source.  The  motor  placed 
in  these  mounts  carries  an  aluminum  tube  into  which  the  test 
tube,  containing  the  sample  to  be  irradiated,  is  placed. 

Using  this  technique  insures  that: 

1.  The  distance  from  the  center  of  the  source  to  the  center  of 
the  tube  is  constant  for  all  samples. 

2.  The  test  tube  is  parallel  to  the  source. 

3.  A  horizontal  line  passing  through  the  center  of  the  source 
also  passes  through  the  center  of  the  samples, 

4.  By  rotating  both  the  sample  and  the  source,  maximum 
uniformity  of  the  radiation  dose  will  be  received  by  the 
sample. 


Evaluation  of  New  Grafting  Solutions 

Table  II  lists  a  series  of  grafting  experiments  in  which 
various  grafting  solutions  were  used.  The  first  series  of 
grafts,  i.e..  Nos.  211-6-1  through  211-6-7  compared  grafts 
made  with  solutions  A,  B  and  C.  The  rationale  behind  these 
grafting  solutions  was  to  compare  the  substitution  of  methylene 
chloride  for  the  aromatic  component  of  the  grafting  solutions 
and  also  to  determine  the  effect  of  the  chain  transfer  agent, 
carbontetrachloride.  The  second  series,  Nos.  211-8-1  through 
2H-8-4,  was  set  to  note  the  effect  of  total  dose  on  the  graft 
level  and  thereby  the  variation  of  resistance  with  graft  level. 
The  last  series.  Nos.  211-18-1  through  211-18-6,  was  undertaken 


to  determine  the  effect  of  varying  the  chain  transfer  agent 
through  a  wide  range  (from  0  to  30#) . 

Teats  are  continuing  to  determine  the  cycle  life  of  all  these 
samples.  No  firm  conclusions  can  be  drawn  from  the  results 
to  date.  There  is  a  strong  indication,  however,  that  the 
resistance  of  grafted  films  is  asymptotic  with  the  graft  level. 
Sample  No.  211-8-1  with  a  graft  of  only  23#  haa  a  resistance 
value  of  11/10/15  millichm3  (i.e.,  for  left-center-right)  while 
other  samples  grafted  to  much  higher  levels  showed  no  significant 
improvement  with  increase  in  the  graft  level. 

Crosslinking  Studies 

Three  base  polymers,  designated  U-280,  P-1712,  and  B-0602  were 
crosslinked  during  this  period.  These  films  were  irradiated  to: 

1.  Establish  a  procedure  which  would  permit  ready  determination 
of  the  dose  received  by  the  irradiated  film. 

2.  Establish  a  procedure  for  irradiation  of  large  quantities 
of  film. 

3.  Determine  if  significant  differences  in  gel  content  ano  Mc 
values  at  equivalent  irradiation  are  a  function  of  the 
films  under  investigation. 

4.  Obtain  sufficient  quantities  of  film  for  thi3  research 
program. 


Crosslinking  of  Polyethylene  Film 

An  approach  has  been  undertaken  so  aa  to  obtain  known  and 
controlled  doses  by  beta  radiation  of  polyethylene  film. 

Stacked  sheets  of  polyethylene  film  (135  sheets.  25  ft.  in 
length,  each  having  a  one  mil  nominal  thickness)  were  irradiated 
to  70  Hrads  (i.e.,  the  surface  dose  wa3  70  Mrads).  Since  the 
dose  a  material  receives  is  non-uniform  with  depth  due  to  the 
variation  of  the  percent  ionization  occurring  in  the  material 
with  depth,  cellophane  dosimeters  were  used  to  determine 
dose-depth  relationship  in  the  stacked  films.  The  results  of 
the  dosimetry  can  be  seen  in  Figure  1,  curve  A.  Curve  A  gives 
the  actual  dosimetry  on  the  experimental  run.  Curve  B,  which 
is  similar  to  curve  A  is  an  independent  run  performed  by 
Radiation  Dynamics,  Inc.  Curve  C,  shows  the  theoretical 
dose-depth  relationship  for  1  MeV  electrons.  It  can  be  seen 
that  neitner  experimental  curve  approaches  the  theoretical  curve 
in  overall  dose  or  spread  with  depth,  which  is  mainly  dus  to 
practical  limitations  in  the  electron  accelerator  used.  In 
this  study  the  fact  that  the  experimental  curve  does  not  match 
up  to  the  theoretical  curve  is  of  minor  importance,  since  the 
main  aim  of  the  run  was  to  produce  film  which  was  irradiated 


Table  II  Evaluation  of  drafted  Samples 
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Solution  Components 


Benzene 

Methylene  chloride 
Acrylic  acid 
Carbontetrachloride 


(MRADS) 


to  a  known  dose.  Significantly,  this  experiment  shows  that  it 
will  be  necessary  during  all  future  irradiations  to  use 
dosimeters  as  a  quality  control  procedure  to  insure  obtaining 
accurate  readings  of  the  irradiation  dose. 

Fbr  further  verification  of  the  effect  of  dose  on  croaslinking, 
a  gel  study  was  conducted  on  the  irradiated  films  by 
determining  the  variation  in  gel  content  with  depth  or  since 
this  is  a  function  of  dose,  with  dose.  The  results  for 
P-1712,  B-0602  and  U-280  film,  plotted  in  Figure  2,  shows  that 
the  minimum  dose  to  achieve  significant  gelation  is  about 
30  Mrads.  This  result  indicates  the  minimum  allowable  dose 
on  all  future  studies  with  these  films  should  be  30  Mrads. 

The  slope  of  the  curve  above  the  30  Mrad  dose  indicates  that 
the  gel  oontent  does  not  significantly  increase  with  increase 
in  dose  for  this  material.  It  is  expected  that  this  maximum 
gel  content  will  vary  from  polymer  to  polymer  depending  on 
Initial  molecular  weight  distribution  and  perhaps  antioxidant 
content.  It  is  Interesting  to  note  that  the  gel  content  for 
the  B-0602  film  is  higher  than  that  of  the  P-1712  or  U-280. 

The  possible  explanation  for  the  lower  gel  content  of  the 
P-1712,  when  compared  to  the  U-280,  can  be  due  to  the  higher 
antioxidant  content  of  this  film. 

Grafting  of  Crosslinked  Films 

Samples  Nos.  4,  12  and  20,  as  shown  in  Table  I,  are  currently 
being  grafted.  The  films  used  to  graft  these  materials  were 
all  Irradiated  to  approximately  90  Mrads.  The  results  of  the 
grafting  will  be  reported  In  the  next  quarterly  report. 

Evaluation  of  Grafted  Samples 

The  samples  prepared  during  this  quarter  have  not  been 
completely  evaluated.  Only  resistance,  cycle  life  and  zinc 
penetration,  as  determined  by  Hull  Test,  have  been  determined 
to  date.  This  data  was  given  in  Table  II. 
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RESULTS  AND  DISCUSSION 

The  results  of  the  grafting  experiments  and  crosslinking 
studies  in  general  are  in  line  with  our  basio  concepts  as 
proposed.  Naturally,  the  data  obtained  to  date  is  incomplete, 
therefore,  we  cannot  form  absolute  conclusions.  It  is  of 
interest  to  note,  however,  that  the  resistance  values  of  the 
grafted  films  appear,  within  the  limits  tested,  to  be 
independent  of  the  percent  graft.  Also,  within  the  211-8-1 
through  211-8-4  series  it  appears  that  the  Hull  Test  and  cycle 
life  values  are  some  inverse  functions  of  the  percent  graft. 

This  particular  observation  must  be  used  cautiously  in 
developing  a  relationship  because  the  percent  graft  is 
determined  on  the  weight  change  of  25  fecc  of  film  while  the 
resistance  value  is  taken  on  a  one-inch  piece.  If  the  graft 
is  not  uniform,  then  it  is  possible  to  select  a  small  section 
with  a  higher  than  average  graft.  We  are  currently  reviewing 
various  methods  for  determi »ing  the  percent  graft  over  the 
entire  film  area  so  that  we  might  plot  a  grart  density.  In 
addition,  different  grafting  solvents  are  being  evaluated 
to  insure  uniform  grafting. 

Cycle  life  on  the  grafted  sample  has  all  been  done  on  three 
plate  cells.  These  cells  were  constructed  using  two  silver 
and  one  zinc  plate.  The  plates  were  wrapped  with  one  layer 
of  membrane,  and  cycled  at  40#  depth  using  350  ma  charge  for 
85  minutes  and  800  ma  discharge  for  30  minutes.  All  data 
during  cycling  is  recorded. 

The  crosslinking  of  the  control  films  indicates  that  the 
U-280  film  ha3  a  higher  gel  content  than  the  P-1712  base  polymer. 
Based  on  the  melt  index  this  is  not  what  would  have  been 
expected.  The  possible  explanation  for  this  result  could  be 
due  to  the  apparent  high  concentration  of  antioxidant  in  the 
P-1712  film.  The  B-0602  film  gave  the  high  gel  content  as 
expected  and  should  also  yield  the  highest  crosslink  density. 
These  three  films  have  all  been  crosslinked  from  30  to 
approximately  93  Mrads.  The  exact  dose  of  individual  films 
have  been  determined  via  use  of  the  dose-depth  curve. 

Table  III  shows  the  variation  in  dose  with  depth.  It  should  be 
noted  that  from  the  19th  to  the  37th  layer,  the  dose  variation 
is  only  2.2/92.4  or  less  than  2.5#.  Each  of  these  represents 
25  feet  of  film  or  a  total  of  over  400  feet.  This  should  be 
sufficient  -oaterial  to  complete  the  requirements  of  Phase  I 
of  the  contract. 
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FUTURE  WDRX 

During  the  second  quarter,  the  following  work  Is  scheduled  \ 

1.  Preparation  of  all  membranes  aho*m  in  Table  I. 

2.  Evaluation  of  membranes  Nos.  1-24. 

3.  Preparation  of  three  membranes  In  100  ft.  quantities  by 
August  15th.  These  will  be  submitted  for  testing  to 
Delco-Remy. 

4.  Preparation  of  three  additional  membranes  Jr  100  ft. 
quantities  by  October  15th.  These  will  be  submitted 
to  Del co -Re ray  for  testing. 

5.  Determination  of  MQ  values  of  r.roeaJ in;  fllm3. 

6.  Selection  of  new  base  polymers  to  be  evaluated  during 
Phase  II  of  this  investigation. 
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